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his Views Ot\ some of the iri, k\ cosmoloj'ioal issuos raised in chapter 11, and 

staff at Blackwcll 1'iihlisheis, p.iriioul.nl \ Siepli.m rh.nnhois, for helping mo 
through the unfamiliar territory beyond the journalist's 1, 000-word event 
hori/on. 

This book is dedicated to The Listener, which closed on 3 January 1991 after 62 
years of publication. 



INTRODUCTION 



In our days everything seems pregnant with its contrary. 

Karl Marx, 1856.1 

On 7 May, 1987, the US multinational Proctor & Gamble submitted Olestra, a 
new food substitute, lo Iho Amerii an hood and Dine, Administration (FDA) for 
approval. Olestra was, in thi' judgement of Ihi' world's media as well as I'rootor 
& Gamble's |mblicily, potentially one of [lie most 1 ii'k-.in I nutritional 
breakthroughs of iLs Lime. II promised uhal even dioli ■]■ desired, the realization 
of an impossible dream: fat-free fat. 

For a dietary aid, Oleslra is made oul el un piumisine, ingredients, sugar and fat. 
However, when Ihey are chemically bonded tos'elhor in the correct way, Lhey 
form a new and very Grange suhslanie; sucrose polvester. H may sound better 
suited lo manufa' liiiiii;'. shnls than lood. but -in rose polyester has inleresling 

through the body. In tests, obese subjects who ate a diet that used Olestra lost 
weight even jj Ihrv nvi v a J; ■ v-^- 1 d lo sup pie men I til. - dirt wilh ;i>m onliorial laity 

snacks. 2 

Fat-free fat. It is a concept pregnant with its own contrary. When Marx used the 
phrase in 1856, ho was commenting on an era that was- having to come to terms 
with the violent imparl of industrialization on the order of nature. This book is 
about the impact of an even mure disorion la tins', ore: arlilii i.il iAiliou. ol' makiii)', 
dreams come Lruc, ol 'imagiurerinjC as the Disney 

Gorporalion calls il. What are the ex Lent and I in no, ol the art ilk id 1 7 Is 1 1 lore, i an 
there be, any contact with reality when it is possible to make lal that is no! fat, 
when the lake becomes indistinguishable from - e\en more authentic than - 
Ihe original, when com pilfers can create synthetic worlds that are more realistic 
than the real world, when tei hnology siorns nature? 

Evidence of artificial i/a I ion seemed lo be ehnndanl at the time of writing this 
book. Wherever one looked, artil'ii iality was Iriumphinsi, o\er reality. In the 



dosing months of 1491, as the Soviet Union broke apart, the fate of the 
embalmed body of Li'nin, which had been King in state since 1924, was in 
doubt. Some h.ul questioned wheiher, indeed, it was his 'real' body al .ill, 
Lenin's unblemished faciei i omple\ion suggest m,. die I u might be a waxwork, 
Bui who cares? Mosl brilisJi pel i In iuus eould happik botome a waxwork if It 
meanl a position at Madame Tassaud's, tlie mosl |>o|iular tonrisl site in London. 

In an artificial world, there is no need lor Lenin's material substance any more 
than there is a need for the great materialist state he founded. It is, perhaps, a 

preserved Walt Disney waits in suspended animation (an appropriate state for a 

As the worms awaited Lenin, a book entitled Fly Fishing by J. R. Hartley entered 
the British bestseller list. Unremarkable though it may have seemed, this was no 
ordinary book. British Telecom had run a series of television commercials 
featuring an elderly man locating a cop\ el the out-of-print !', r l; Fitting by J. R. 
Hartley using the YeUow Pages. The man turns out at the end of the commercial 
to be ]. R. Hartley- So moved was the audience by this storj that bookshops and 
even the British Library were reported!) overwhelmed with requests for it — 
even though, of course, no such hook and no sin h author had ever existed. s So 
the publisher Random Century decided to create one. II commissioned the 
writer Michael Russell to ghost write the book, and hired the actor Norman 
Lumsden, who had played Hai di 'y :n the original ad\ ei lisemont, to pose as the 
audior. The result was a fiction turned into fact - artificial reality. 

Few of us think about 'reality' much — those of us who intend to write books 
about it have to keep reminding ourselves that we are rare exceptions. It is, 
perhaps, (he lorHeplual equivalent of uik onsi ious motor functions such as 
breathing. It is vital to life -without it, we would be unable to distinguish die 
real from the imaginary, the true from the false, the natural from the artificial. 
But we do not have to think about it to use it - indeed, as soon as we do start 
thinking about it, it becomes evtremelv difficult to continue using it. For this 
reason, perhaps, some may regard it as a peculiar subject for any sort of 
analysis: it is a given, a fact of life, and best lell hidden behind the curtain oi 

To cxlend (hut I hope nol e\h.iuslj the hreuihing metaphor, the problem is that 
just as a polluted environment can make us short of breath, so an increasingly 
complex, artificial environment can diminish our sense of reality. And, as that 
sense diminishes, so innumerable troubling side effei Is slaii to i rcep in. Soon 
after Oloslru's .miieuni erneut, an American pressure group, the (cuter for 



Science in the Public fnteresL, quoted Ihe results of losls using rals which 
si hum 'd lli.il ne.ub ,i 1 1. ill ill Ihe mis led ™ I )](■',! ra died during the period nl I lie 
experiment, compared with under a Ihinl of the rats fed ,-i normal diet. 4 'Aha! 1 
said the critics, Then.' you have il: vou think vim can have fdt for free, but there 

The prejudice that favours the products of nature over our own is, perhaps, 
understandable. Nature's approvals process is slower even than Ihe FDA's, 
working at the pice of evolutionary lime to separate dangerous substances from 
those to whom they .ire a danger. We arc part of a natural order poised in a state 
of delicate equilibrium, safe as long as we keep to our position within it. This 
'natural order' is a very basic, important structure. It is independent of us, 
tun on ta initiated by us. Tire problem with svnlhetiL siibst.itn.es like Oleslra is 
that thev are not a pari ol if — ', verse. thai Ihev si vm tc h'tioto it, even violale it. 
Fat-free fat, like alcohol-free alchoholic drinks, sugar-free sweets and caffeine- 
free coffee, flouts the reality principle, the principle that you cannot have 
something for nothing, that everything has its price, that nothing in life is free, 
that there is no such thing as a free lunch, that there can be no gain without 
pain. Science and technology have arrogantly ignored this principle, and the 
result is a world filled willi disease and pollution. 

appropriately given that I Nostra is a dietan aid. less without distress, 

breathless report about iood substitutes entitled il.n e \ on r i ake and eal il, toe', 
'Hie foodstuffs ol ufiiili dieters dream .ire lasl booming realities'. And win 
not? A few cancerous rats prove nothing: there is no law of science (though 
perhaps one of logic) that savs a fal-free fat is impossible. 




unexamined notion of reality increasingly troublesome. How is il possible to 
hold a clear view ol Ihe distinct am hi Iweeti n -ably and lant.isv when the unreal 
is lojilmuallv beam 1 realized? 



There has never been a totally secure view of reality, certainly not in the 
induslrial era of hlslcrv. I'i 'ople sa\ lli.it tfic world is not as real than il used lo 
be. Well, to adapl what an editor of iiimi' said in response to a tiresome 
criticism of his mni'.Li/itir; lie' world wa- . : ,v ■ .- ,i- real as it used to be. Indeed, it 
is industry, the power I.' aiamilai i ti r- ■ whal puMo.i-b fiaii to be taken from 
nature, that has made the world progressively more aiiifii ial and less real, that 
provided the wealth and energy to change Ihe natural landscape, even to 



I' mi I- imi ii making. Kill ci|iialh Hie industrial era h t is been 
lit reality. The ability U> man ipulate nature, 111 turn ilS 
vvn ends, shows how successful science has been in 
works, and technology in exploiting that discovery. The 
, ill other win ds, mi 'ills Ln ha\ i' both destroyed reality and 



modernity 1 . As Umberto Eco observed: 'Crisis sells well. During the last few 
decades we have witnessed l\\c sale (on newsstands, in bookshops, by 
subscription, door-lo-door) ol Ihi' crisis of religion, of Marxism, ol 
representation, the se-'.n. Thdosophv. clhji s. r 1 1 i.i.lkju-r.i, pn sence, the subject. . 
. . Whence the well-known quip: "God is dead, Marxism is undergoing crisis, 



underpinning the uncertain world of appearance, has been shown to be a 
illusion. Is the lesson we should h.ive learnt from ihe l.isi century that there is n 
reality? When the newspapers and Ihe food manufacturers lell us that dream 
are fast becoming realities, does thai really mean that reality is fast becoming 



for icnturics, Ihe issue of what does and does not count as real has been a 
matter of philosophy. There have been two main questions, what could be 
called Ihe onlologk al and epistemologk al questions. The onlologn ,il question is 
about being: what is real 7 Is there a reality behind appearance' The 
epistcmologiial question is about knowing: what is truth' Is knowledge Ihe 
product of reason or .if experience' tor most people, ano 1 •"ertainly for most 
scientists, :T.i -iLtn ;■ i iplcslk'n l~ p.u Ui a.arlv relevant, nri ausc there an- working 
systems that are used to lell leal it v I r":ii ,i p pea ram e, li i:Lh 1 iom falsity. Wlien a 
umit assesses Ihe truth of a witness's evidence, epistomology ,|oes not come 
into it. The judge dors mil ask Ihe members of Ihe jury whether or not they are 
rationalists or einpirii isls. Similnrh . I lie resull ol an experiment does not rest on 
i\ lielher the si ientist perlorniing Ihe ope rim en I is an idealist or materialist. 

At Britain's first virtual reality conference, held in the summer nf 1991, the 
i haimian. Tone Feldmnn. tried to emph.-isUe thai llie agenda he had drawn up 
was concerned with ha i d-head e.l. prngmatk business issues, bill com eded that 
'I lie metaphysics are iiiesca|iahle'." Tei linology , lie and the subsequent speakers 
I, could manipulate reality to the point of being able to create it. 



A rti floatation is no kinder jusl a mutter ol . ullur.il observation or intellectual 
angst, it had become, well, real. It is for this reason [hut reality is no longer 
secure, no longer something we can simply assume to be there. 

Most people probably now have some idea of what virtual reality is. It is the 



touching it. furthermore, trucking 

movements so, us 111.' user moves. ■ 

accordingly. I his hook does not prov 
tins technology, l u:ll mole i. nr.. ei I'.i 'il Willi 111' 1 Iwo issues ll'.ul underlie .Is 
emergence as one of Ihe 'Hi)', Ideas' of Ihe IWlls, issues lh.it remain neglected hv 
the computer industry, hul whk h I hope to slum- are essniti.il to making sense 
■ ■■I Ihe develcoir.enls in.il have led I.. Ihi- rude mslrusion ul milaphvsics into 
ordinary life. 

111. 1 Inst Leslie is siiiiiiLui.iii. t iim pn l.'is are uiikpn' in Ihul ".ln-\ an.' .ill, ui a 
sense, simulations of some ideal computer, il 'universal ma. hint''. k\or\ thing .1 
computer does can be seen as a simul.it ion, except that 111,1111 of Ihe things it 
simulates do not onisl beyond the simulation. What, then, is simulation' Is il jusl 
another form of imitation or representation, fiefion tor the computer age 1 Can 
anything he simulated - oven reality and human intelligem .'> Those questions 
laise import.ini mafhemulk ul and sck'tiLifk questions, and in attempting to 
answer I hem I hope to show iv ha I is 'speL Lil' about the . ompulei-. iv hy IL is not 



The second is: 

is hard to tell on fust acquaint.!!!, e whether il 1- iiioanitii',! ul or jn.dii.ni'Ji s- II 
LiHild he u new paradigm, it iiMlId he prclellliuLis. It could h. 1 an owmoron, .1 
figure of speech that uses what sounds like a conlr.idielion to suggest a much 
derpei I ruth. 1 1 could just he .1 l onlrudu lion. It has ho. imr a gen rial- purpose 
metaphor for both the present and the future, one that is easy to pick up but 
impossible lo put down. Its attra. lions are ob\ ions. It is a term full of novelty 
and puzzle, provocatively coined to intensify .1 deep-sealed insecurity as well as 
capture a sense ol to. h no logical adventure. 



The term's origin is generally attributed Lo Myron Krueger, an American 
'computer artist and educator' (his own dosi i-i|>tion), who used it as the title of a 
book written in the 1970s but not published until 1983. The book's subject was 
what he tailed 'responsive environ men Is', ai l inst. illations in which lighting and 
■.omul would ihange <iu ording io Lhe movement of people walking around 
them. Hi' did not, however, use lhe term 'nrlil k ial reality' as a tnhnologie.il 

label. He had a more ambitious use for it: 'The world described in Genesis, 
created by mysterious cosmic forces, was a volatile and dangerous place. It 
moulded human life through ini omprohensible idprice. Natural beneficence 
tempered by natural disaster defined real i I v. For , en In in 's, (he goal of human 
effort was to tap Nature's terrible power. Our success has been so complete, that 
a new world has emerged. Created by human mgenu ilv, it is an artificial 

eat fat without getting fat, not just a metaphor, but the actual creation of any- 
world you could ever want or imagine — fantastical, fabulous, terrifying, 
infinite, enclosed, Utopian, Stygian. I want lo look al lhe validity of such 
promises, and to discover their influence over the whole notion of reality. 
Artificial reality has acquired Lhe role of a sorL of Barium meal ingested by the 
body of society and l ullure, its spreading, gloe. revealing, under the X-ray of 
i 11 Ln a I e.v.in'.inali'in. the glow III- .ii'lI it..;. I u n. I.. ir.s lhe ullein.ll olgans. 

Just like a Barium meal, some people find any discussion about artificial or 
virtual reality hard to swallow. Upon inlrodin ing lhe idea to innocent members 
of the lay public, I discovered that, far from showing mild interest, or no 
interest, they would look at me as though 1 had announced myself to be the 
risen Messiah. Life, lhe)- seemed to sav, is complicated enough without making 
it more complicated with such outlandish ideas. Such an attitude has a proud 
and long tradition in Anglo Sasun > ultiue. You .oukl sav it was lormulated as 
long ago as the fourteenth century, when it came to be known as 'Occam's 
razor', after the English philosopher William of I Vcam. IVuim was a ferociously 
ascetic Franciscan, so ascetic he actually led a revolt in favour of poverty, when 
Pope John XXII threatened lo end it as a mon.istii al prim iple. Me was an equally 
ferocious intellectual aseetii, demanding th.it in philosophical theory, 'entities 
are not lo be multiplied beyond necessity' l: a pruniplo more economUalb 
expressed in the phrase 'eul the i rap'. Judged in sin b tern is, most i on temporary 
theory, especially thai louiing irom ilie Melds nl iiilorni.ilion lei liuolog\ end 
cultural criLlcism. -.'ems in need ol a good shave. 



Simile i iiuli'inpor.iri theorists posit i\ eh em ou r.i}',o llii' mil Itipl ii a I ion nl entities. 
One ol llii' most enlluisiasln is the n hionlial I' rem Ii sociologist Roland I5.nl lies, 
who died in 1980. His mosi impoiiiint work was .\Uiii:ologies, a book that 
unblushingly used the most sophisticated anaK fit til techniques to examine the 
most commonplace ohjei is and a. ti cities: wrest! in e,, m.ny.arine. photos of (]reta 
Garbo, polystyrene. It was Rarlhes's oxpli, it aim to break the illusion of 
'naturalness' that is used h\ mass media to dress up realih . He wanted to show 




hidden there.' 1 - Hi' sil .1111 Ii' hi' reality's party pooper. h' show lhal, in his 
language, il is the product of myth. 



Neologisms are, Rarlhes Halms, essential precisely because of this myth. What 
we take to be fixed and certain is, in fart, constantly changing, and so the 

history, aro no use. Wo need now ones: 'neologism is therefore inovitablo. China 
is one thing, the iden which a French petit-bourgeois eon Id haw of it not so long 
ago is another: for this pc< ultar mixture of bolls, rU kshaws and opium-dens, no 

Unlovely, or built according to a highly sensible proporlional rule? Just another 
example of intellectual stubble and a candidate for tVeam's eut-lhroal, or a 
perleillv J ej>, it im .ite ex.imple ol a new lernr lor something that has not been 
previously recognized or expressed ' 

My belief is that artificial reality does reveal a great deal about the 'myth' of 
reality - about the way that the idea of reality is used and understood, at least 
within the Western culture that gave birth to it. If nothing else, it reveals that 
much of what we take to be reality is myth, just as Olestra reveals that the idea 
of fat is a myth. It reveals that die things we assume to be independent of us are 
m tuallv lonstrui ted by lis. It re wills tli.il being 'real', like hem); 'natural', is not 
simply a value-free, unproblomalii , apolitical, ohje. tiro slate — though part of 
its mythology is to make itself appe.ii to be so. It reveals that, like 'new' and, 
indeed, 'natural', 'real' has been abdm le.l b\ business as a marketing term. 

Artificial reality, then, expresses the ambiguil\ ot .urrent attitudes to reality. 
Rut that ambiguity is not, as most commentators on the subjei t have taken it to 
be, evidence that there is no reality. Just because there is a reality myth does not 



mean that reality is a myth. The absurdity of such a position is revealed in 
attempts by sonic an ii realists u> ;irj;ue lliai thi-\ lammi assert reality to be a 
myth because that would be to assert that what is real is that reality is a myth, 
which cannot be asserted as there is no reality (because it is a myth). 

I want to show that such denials of reality are mistaken, that there is a reality, 
and that the virtual form of it, far from releasing us from it, can help us recover 

the liberal belief in the individual as the only legitimate political entity, and 
virtual reality has, in some hands, been promoted <is [lie ultimate embodiment 
ol [hat principle. Whal belter wav oi expressing yuui individualism than by 
creating your own. individual reulilv.' bmpi'ivered bv Ihe personal computer, 
liberated by virtual inililv, llii ■ individual he; omes Ihc Cod of his or her own 
mm el se. The sij'Jil el someone -.VL'.iriny, .1 virtual reulilv headsel is Ibe uflimute 
image of solipsislic silt-absorption, thi'ir movements and gestures meaningless 
to those left outside. 

We have to look, then, at how virtual real it v and aiiiln lal reality, the technology 
and culture, are .hum'.iny, puhh;- reulilv. because [he formidable mii'.ht "I 
commerce and in pariieular the computing industry have been deployed in 
del'ininy, n'.ility . we need I o look ,1 1 whal thev mean to do with it. 
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1 

EUPHORIA 



'I think this is one of the most important meetings ever held by human beings.' 
These words were spoken by Dr Timothy Leary, the Harvard academic and 
patron of the 1960s drug culture, who invited a generation to 'tune in, turn on, 
drop out 1 , and ma)' weU have attended enough meetings held by non-human 
bi'iiujs to In- in ii position In make [lie comparison. Mo\ erthcloss, tlie meeting lie 

was referring to hurdk seemed io justify sin Ii ,m extra \ iij^mt billing. He may 
have invoked the jjhosis of I'LiLo. Max I'laiiik, Marshall Mcl.uhan and the 
Grateful Dead, declared the dawn of a new era, thanked and loved all the 



how great the air is in here'. In an equally memorable phrase, Barlow also 
described bullshii as 'lh.' grease lor tin ■ skids upon v.hi.h we ride into the 
future 1 . Bullshit Iherc was lit .ihur.dar.i. i ■ at thai ipoi hal meeting, and Leary the 
canary jumped around and twittered in cm itement at the smell of it. So did 
everybody else. For this was a meeting; of the computer revolutionaries and 
virtual realists, the creators of more Ihan a mere technology or even a new stage 
of industrial development. These were the people who had, in Leary's words, 
initiated a new stajje of human evolution. 

The conference was S1GGUAPH, the annual eoni|>uter y.r.ipliirs meeting run by 
the Special Interest Group, t Graphics ol Ihe A merit tin Association of Computing 




landmark buildings of Amei U an ulies, attr.n. luii; lens ol thousands of delegates 
and a celestial I In i 0111 paler industry standards) , asl of speakers. 



I first attended SIGGKAPH in when iL was held at the Hynes Convention 

Center in Boston, Mnssa, husotts. Hynes is hm;e, a marble mausoleum, perhaps 
only too symbolic of the ambitions of iis patron, the state's governor, Michael 
Dukakis, who the previous year had be™ defeated by George Bush in the 
presidential election. How con I J a com pti Lino, industry > i inference, I wondered 
hIh'ii I first walked into the, outer's majoslk lobby. jusliK liiriui; a buildiui; 
with the proportions of a cathedral? 

delegates _ in estimated Ifl.QlH! - all ol them nith prnnants ol LLlniliiicalion 

Around 225 stalls -some the size of a suburban semi, and probably as 
expensive to build - filled cavernous exhibition halls measureless to man. 



video, 'is exploding by hyps ,snd bounds. 1 And SIGCRAPH was evidence of 
this. The group's membership had exploded In- leaps and bounds since iis 
1 1 >unc.;:ioti in l''iC when if i em prisi d .1 lew proo uniine 'is ieoa:clrd hv t It ■ ■ rest 

md,a P h.,,bl. ™d. ft* m.d. up mum ataa, 

liv I In- be^innm)', ol I In- I'Mls, uunpuier ('r.iphii s were cslabl islied not simply .is 
an important part ol tin' computing indnstrv, worth on estimuled SI I billion a 
year in the US alone and p.row'inj; at an annual rate of 15 to 2D per cent. They 
had become a new medium, a potential sun essor, even, In telei ision and print. 

SIGGRAPH was beconiinj; .1 n.eetmj. pla,efor Ihe future, where the key ideas of 



And so it would seem to be, for it was at SIGGKAl'H fW lhat virtual reality 
made what might be regarded as iis grand entrance. Tliough early forms of the 
idea and Ihe technology had been kniw kuii', around Ihi' conference circuit for a 
few years prior to that (I first encountered it the previous year at a film festival 
in the Hague), this was the moment when it was ordained by the SIG GRAPH 
1 is .is idea wo 1 lhv ol sc l u 1 ns d is. i:ssu ir.. whk h it d ll I \" received in a 

panel session enlilled 'Virtual environments unci illteractivily: windows to the 



The star of the discussion was Jaron Lanier, the founder of a company called 
VI'L Research. Lanier has come to symbolize the virtual reality industry. He 
represents its Wesl Coast origins am 1 \ allies. 1 le we, us droailloi ks in his unburn 
hair; he is chubby; he talks fast and apparently in parallel, several lines of 
thought being expressed at nin e; he esi hews suits and business formalities; he 
dues nut htild meetings, still less kee|i appointments, prel erring spontaneous 

encounters. 

At that first SIGGRAl'H panel, he eloquently described the experience of virtual 

an experience when you are dreaming of all possibilities being there, that 
anything can happen, and il is just an open world when' your mind is the only 
limitation. But the problem is thai il is jusl vou, you are .ill alone. And then 
when you wake up, you give up all that freedom. All of us suffered a terrible 
trauma as children dial we've forgotten, where we had to accept the fact that we 

we are very limited. The thing that I think is so exciting about virtual reality is 
that it gives us this freedom again. [I gives us this sense of being able to be who 
we are without limitation, lor our imagination to become objective and shared 
with other people.' 

On the exhibition floor, main- people had the first opportunity to try this 

man sat on a swivel stool, wearing a pair of awkward goggles called 
'Eyephones' which had tin) 1 colour TV screens for eyepieces and a position 
sensor on the headband 11. deled head movements. He also wore a 'Dataglove', 
a single black silk glove with strands of opliiul fibre slik hod mlo Ihe fingers lo 
deled linger movements, and another posilioil sensor alladlcd lo Ihe wrist lo 
delect the overall ["■o-nlion el Ihe bar. J. en : - |. ■-, an. I glove were connected 
lo a computer via long, he.'.i v umbilical wires. 

VPL's demonstration, entitled RB2 (short for 'reality built for two'), allowed 
Eyephone wearers to look ink' a uude. uirloon like 'world' which they could 
move around by gesturing with Iheir Datagloved hand (which itself would 
appear as a cartoon hand whenever the\ held il u|' in their lield of view). As 
thev turned Iheir head or moved Ihi ough lb ■ weiid, the s, eneiv would change 
accordingly. Also, if someone else was wearing another Eyephone and 
Dataglove connected lo the same system, the two wearers uiuld meet them in 
this world, though Iheir bodies would take the form of cartoon characters. 



The Autodesk demonstration w-as called 'Cyhoi-spaee' — a word taken from 
William Gibson's hook Si'tirniiiuiicrr - and used .standard personal computer 
equipment to produce the graphics, so was not quite as sophisticated as VPL's. 
However, it did have << ileal demonstration of low-gravity squash. This entailed 
replai ing tile I \ilnglo\ e with a slaadard squash rat kel Willi a tracking sensor 
fitted lo the handle. The K\ cphoiies rev ealed a prima i \ coloured squash court in 
which floated a hall and a rm ket. As you moved tin' racki't in your hand, so the 
virtual racket in the virtual court moved accordingly. Vou played simply by 
trying to hit the virtual ball with the virtual racket. Because the gravity was 
turned down so low (it was adjustable), the lightest tap would cause the ball to 
bounce wildly around the room. As a game, it had little to recommend it, as a 
demonstration, it was qu lie i onv in. in; 1 ,, i ■• ■ n Ihoui'li the movement of both the 
scenery and the rackel lagged behind your body movements, rendering a very 
poor illusion of 'reality'. 

which they had even started flirting with each other? It was not the world I had 
experienced on the exhibition floor. 1 had experienced a crudely rendered, 
primary coloured series el badly coordinated images. 1 gol none of the promised 
sensations of liberation or oven disorientation, just frustration at llle 

(If i on rse. I was risim; one of llle earliest s\ slems developed. The first television 
and film systems were similarly irude. II anything, llle technology's lack of 
reliiiemeiil mereb served lo show that we were witnessing the creation ol 
something new. However, Lanier's rhetoric was not about the future, it was 
about the present. This lecluiologk al liherafioii from reality was, he claimed, 
already underway. 'However real the physical world is . . . llle virtual world is 
exactlv as real, and achieves Ihe sunn- sLilus,' he said, 'hut at the same time it 
also has this ml mil v Of possibility - .' 

Lanier was bv no mcur.s alone lii making -in I" i Lums lor vi final realitv. At that 
first SIGGRAPH meeting, not a single question was raised about the validity of 
his claims. It was accepted thai available lei hnologv had shown how simulation 
could catch up with reality. Others, notably Scott Fisher of NASA, gave far more 
down-to-earth accounts of their research in the field. But the overall mood, 
partly set by Ihe meeting's moderator. Coco Conn, who insisted that the 
proceedings be unstructured, was not one thai matched the mood of the other 
panel discussions (which had lilies such as 'Effective software systems for 
si ion I ii'ii data \ isual Nation''). If am tiling, it belter reflei led the language of the 



exhibition ilsolf, where (ompanics tli.iL year wore promolini; lllomselves ivith 
slogans sii, 1 1 .is I he l.isli'sl i-iin le I mm imagination lo realiU '. 



Timothy Leary, the shaman, and John I'crry Harlow, the minstrel, there was 
Esther Dyson, the editor of an industry newsletter and a voice of caution, 
William Bricken of the University of Washington's Human Interface Technology 
Laboratory and Warren Kobinell of the University of Norlh Carolina, who were 
the hard-headed lech noli >.>.js^, and. mrvilablv. Iai"ii Lanier. Nolan Bushnell 
was also advertised lo appear, hill I. tiled to turn up. 

The selection ol Hiishni II was. despite In- ahsemr. one that to a large extent 
ti'l le. led virtual reality's ■ ■ n"M. ■ i'l"-, i n 'bi; 1 . Idea' Identity. 

While working as an engineer iur Iho '■ ahloi in.in n ■• ordinr i 'qtitpmenl and tape 
manufacturer Ampox. btishnell set ahotn drsirmne, voir, operated computer 
p ( ames. His first effori I lopped, hut his oiilI. ,i lompnlor version of plnp ( -ponj>, 
he called Pong, was a huge success. He left Ampex and set up a new company 
to sell the game, which he named after the Japanese expression used in the game 

incubator of virtual reality. It set up a research laboratory at its Sunnyvale 
headquarters which was to employ Jaron Lanier, William Bricken, Warren 
Kobinctl. Si oil Fisher (the \.ASA reseanher nel on the hip, hype, hope panel, 
but in the audience and hailed by Leary as a 'beloved digital engineer') and 
Brenda Laurel (another ol l.enry s beloved digital engineers!- 

There must have been something in the water at Sunnyvale, because those who 
worked there in the early 1980s went on to shape the agenda of personal 
computing for the followim; deiade. Some, notably ALin Kay, promoted the 
idea of the ionl[ inter hoi lis; some sorl of mental ainpiifi, a lion loo] al i oinp.niies 
like Xerox and Apple, and others went on to discover virtual reality. What 



of the products thai bad made them famous, Silicon Valley companies like Atari 
and Apple had acquired a tasle lor te.htiolopial revolution. It was die job of 
their flush research departments to keep the revolution going. Rather than 
simply produce new variations on [he same Pour j;ame, Atari (which had been 



bought by Warner Communications in l')7<i) aspired to repeat Rushnell's 
original insight. It wanted lo turn computer games into a u hole new medium, a 
competitor to television and lilm. People like fisher were appointed specifically 
bemuse (hey had worked on academic research teams that had already 
addressed 111 is issue, spe< iikalk in I lie An Idle, lur.il Mai hine i n-oup (kiKHi n .is 
Arch Mao) at MIT, set up hi Nicholas NogroponLc, who later founded the MIT 
Media l,dl>. Areli Mae was responsible fur del el [■piny, what was lo he regarded 
as a ground-breaking experiment, the Aspen Movie Map. The concept was 




alter the course of die drive. This was done by filming a number of alternative 
drives dirough Aspen, and Ihe using a lompu lei lo lenlu.l Lho order thev are 
shown, the order being determined by Ihe viewer's chosen points of interest. 
The Movie Map demon si rated the feasibility nl crealing a i ross between passive 



set itself the task of challenging television - which, as it turned out, computer 
games were to do, though it was Nintendo, not Atari, thai was to do it. What 
made this challenge unique, .md whai gave it, perhaps, .1 uniquely adventurous 
and aggressive thrust, was Ihe fact that it came from a commercial]}' iunded 

no coordinated experimental work tit lesl ils hypotheses confirmed hy other 
laboratories, and the notable papers have [ended to appear in magazines like 
Sctt'Hft/icAmi'cn-iH! rather lhan m |ouinals like Sce-mvor Nature. 

than formal scientific values, ll is a set of ideas that is liberated from the control 

Ihe conservative, inhibited language associated Willi acidemia. The virtual 
reality community formed a loose-knil hul like-minded group of entrepreneur 
technologists — Ihe kev members of which have known each other for much of 
their careers. They were more like an artistic movement, lomplete With, as we 
shall see, its own rhctorii and political agenda. It was this community that gave 
virtual reality its spirit ami idenlih , and whii h vim re.ilk had to belong to in 
order lo engage in Vk research. Mu<h work that seemed to be relevant lo Ihe 
development of Vk, particularly in the area of simulation, was simply not 



n.is lib. Li il had defined [ I is' term and so had b\ default become 
Ihe custodian of Mil' sin red senilis. And it was llic content ill those scrolls lli.it u 
I lie.il re-full nl dclegules .ind press liiul i omo Id I™ .it ihe hip, hype, hope 
panel of SIGGRAPH. 

The meeting began wilh tin .iir of unprecedented expci lation: some magic was 
about lo be wrought by the computer wizards, and this was to be the moment of 

firmly in the context of paradigm shifts and pioneers. He admitted that 'the 
technology is somewhat primitive' but promised that 'we are bringing our best 
resources to bear, to make it happen more quickly, to serve you and to serve our 
ultimate henefn iaiies, the people who see the Ihines thai we produce, who 
i -\ pe lie nee .ind ieam by them'. This .osv lilllr lonslitiioncv el 'vou' and Ihi' 
'people', all of whom were in need of whatever 'we' were so inevitably going to 



'virtual reality', whu li he described as a 'i uU' little oxymoron', preferring to use 
'svnlhotie experience' instead. Hut he aecepted that il was unlikely la go away, 
.i:ie. ptoi i ee.ed li ■ : mil in.' .1 -el ol .idvi ■n.ltii" , .i- Kit p:\u a. .1. 1 vp. cava.- t.ial 
conformed to the VR orthodoxy. One was for 'X-ray vision'. He imagined a pair 

idea with a picture of ,1 do, lor examining a s, ,111 lit a pregnant woman's womb, 

with the image of the foetus, built up using information Irom a coventional 
ultrasound scan, su pet imposed in Ihe appropriate position on her abdomen. 
Usine (his system, the doctor could look around the abdomen, with the 



imponderables. What, he wondered, do 'unpen eptible things' look like? If, for 

inspect it using a pair of goggles, how do you \isualia? it? A molecule is 
invisibly small, so what does it look like? Those with any sort of image of a 
niolerulo tend li ■ Ihmk of it ,is ,1 so lies ot eoloa 1 1 il pin;'.-peii : i oalls eonne. led 
together b\ in klail slieks. Bui real molei ules do nol, of course, look anything 
like that. The ping-pong ball model is ,1 yen simplilied illustration of the 
structure of molecules: atoms are no more like ping- pong balls Ihan they are 
like footballs, or rain-clouds, or solar systems. 



his talk with an exclamatory 'yowzza' and some reflections on V words other 

(there were hoops, 'which we have to go through', ami happenings]. This was a 
strategy thai seemed to entail leaving the list three faces conveniently 
uninspected. There then followed one of Lanier's famously unstructured 
peregrinations through a loose alliance of ideas roughh linked to computer 
simulation and human perception. It was a bravura performance, the sort that 

proving to be almo^l hl'T.illv lino. While f-laiaw. hi- heliot that virtual realit}" 
revives our childhood powers i'l lanlasv, In.' warned Ih.u 'this stuff is getting 
amplified by the media'. A little l.iler. lie i ounsolleil (hat 'I here is .1 real I \ serious 
danger of expectations being raised too high', and that 'the level of interest is 
just a httle premature 1 . 

attention. He had received it in buckets the moment he announced his RB2 
system. The New York Times had featured him on its trout page as far back as 
April 1989, desnihing Lanier as a 'gum'. 2 Any desire he may have had for 
publicity seemed genuinely to have hoon satisfied by the acres of coverage that 
in ere tu follow. Nevertheless hi 1 - tailli in the lei linolog\ Has undiminished. 

Though the systems demonstrated at the 1990 SIGGRAPH exhibition seemed 
little better than those of the previous voir, he suggested that it would take only 
i few more years for Iheir limitations to he overcome. 

Lanier was followed hy tVi-liam Bra ken, who provided u ha I must be regarded 
as a key statement of the field's ai adorn k amhitions. as well as some spectacular 
jargon. He identified whit he called a 'research suite' of technologies that 
needed further sludv: 'behaviour Iransdurers', 'inclusive com pu La lion' iiiul 
'phvsiological psvchologv'. 

What was, perlraps, the most significant aspect of Bricken's 'suite' was its 
emphasis on psychology. This proper lv rel lected one of the main 
preoccupations of virtual reality, at least as defined by those sitting on the 
SIGGRAPH panel. Bricken coined a phrase that has since become one of the 
slogans of VR: 'psychology is the physics of virtual reality'. It is hard to know 
what is meant by this. Perhaps it means i hat, just as physics is about revealing 
the laws that govern the phvsical realm, so psychology is about revealing the 
laws that govern the mental or imaginan realm. Virtual reality, then, is about 
discovering this world as it is determined In these laws and is hased on till' 



assumption that such laws arc in some sense iimlhcriuitinil or, more precisely, 
'n imputable' .1 term we shall ri'lunl til later. 

Bricken, however, spoke for the entire assembly of virtual reality enthusiasts 
gathered at that meeting wli™ he expressed this 'physics' in terms that go way 
beyond the ionveniion.il language ol science. Ws are talking about much more 
than reality,' he said. 'VR is not a physical simulation. In fact, when you are 
buildings systems in order In gel a physical simulation, whal you do is take 
your VR and add contraints to it. Throw away the constraints and you're in 
something that's a bigger Space than phvsual. We haw new Irecdoms, hi. Ii.n 

lei hnnlogy is initially understood in terms of its predecessors: the car was the 
horseless carriage, ti-levisinn was n > ivilh pi. lines, .iini so virtual reality is 
currently seen as phvsical reality with a lew extra features, 'and reality', Bricken 
triumphantly concluded, 'is in the eye of the beholder 1 . 

awaited panellist, Hrk hen's .on.lusion was it. In 1970, a US federal Judge 
described Timothy Learv as 'the mosl dangeious man in the world'. Dangerous 
or not, he is one of Ihe mosl beguiling men in Ihe world, a notorious, fabulous 
shaman, showman, huckster, hawker, thinker, doer. His SICGRAPH talk 
honoured his oratorical repu 1, 1 1 ion, making ihe inidienio feel that virtual reality 
truly was the most important idea of Ihe late twentieth century, and that, if not 
the mosl imporlanl ever held liy human beings, Ihis was lerlainly a meeting 
worth its entrance fee. 

Lean's early lile is Ihe slori more ol sign iU anl departures III. in meetings. Me 
was bom in 1920 to a fun-k>\ing army dentist (an unusual combination! who 

liltle to jus si .n. and oisappcared fnr ever. 

Leary described his father as a 'model oi Ihe loner, a disdainer of the 
conventional wav' who 'dropped ou I. lolknvi-il the am nail Hibernian practice of 
gelling in the wind, escaping Ihe priest-ran village, heading for the far-off land, 
like one of the wild geese ol Irish legend.' 1 Mother ( .oose was very different, a 
model of respectabil ,inil piiH]s:ii-ss, ami Timoljiv. inevitably, found hhnself 
identifymg with the absi. nl and wild, rather than the present and domestic, 
parent. He wanted to fly with the geese, not remain stiu k in the mud of his 
mother's family's faim. 



And (leu, though through skid thai wore In prove sometimes lioleuth 

turbulent. He briefly joined the army, only to be drummed out for bad 
behaviour. He went to the University of Alabama, where he discovered 
psychology, James Joyce's U/i/ssrs and was himself discovered one night in the 
women's il line ill 'I V, for whit ll he wag expelled. Dim iiiv. [lie in ,ir he rejoined [he 
army as a psychologist, and alter he went to Berkeley u'here he was awarded a 
doctorate in clinical psychology. Alter that, he joined the Oakland's Kaiser 
Hospital as director of research, married, had two kids, and settled down to 

Then, when he was 35, his wife committed suicide. The tragedy prompted Leary 
lo give up his job ■mil Like oil to Hnrope with his i hildren. There he wandered 
aimlessly between Le. turini'. |ohs, !.■[; h.ii; 1 , .1 p ir. hkueni e where an old Berkeley 
friend, Frank Barron, came to see him with a bottle of whisky and news of some 
mushrooms. 

either, but it was one that set in motion a train of events that were to have a 
profound effect not (list over the subsequent plotls 'counter cultural' revolution, 
but over the subject of the meeting l.earv was to attend 1> years later. Before 
flying out to Europi-. harron h.id Irti il sunn- mushrooms In- had read about in 
Life magazine, teonanacatl (p.-ui'i'r ;.<!'■ ;;;rv; : Niii.;,-, which had a narcotic effect. 

su|i|ili ,il the mushrooms ,inil were willing to share them eilh fellow 

researchers. 

Karrou also happened U> mention to lean [he imminent eisit lo Florence of 
David McClelland, the director of Harvard's Personality Clinic, it was this piece 
of news, rather than Barron's discovery of magic mushrooms, that he was to act 
upon. On the strength of a subsequent meeting he had with McClelland, he was 
offered a lectureship at America's most prestigious university. 

It was at Harvard, more prei iseK the Center for IVrsonalitv Resean ll, Ihal 
Leary was to embark on tin- expi Liments ll-.a: v. i Ui turn him into one of the 
key figures of the 191,11s. Usrnj', psilocvhin, the narcotic ingredient of the Mexican 
mushrooms, l.earv, loi'.elhci with Kir: on, I'liih.u ked on a series of experiments 
designed to discover the psychoactive effects of such drugs, and the otherwise 
hidden regions of the mind they seemed to reveal. 

At the time, such experiments were regarded as a perfectly respectable 
academic pursuit, part el Loan's investigation into what was somewhat 



e\Lral,ii;auLl\ i cilli'il V\isteuLi,il Lransiu Limn] |nn linlogy '. Ivhii li treated 
l>i'li.i\ lour .is ,i g.une, n ilh dill en 'ill roles being llii' ] mid in I ol dil I en 'ill sets nf 
rules. However, iis the experiments continued, ,md .is Lcurv himself bivami' a 
more iind mors active partiiip.ini in them, whal h.id begun us a putative 
programme tif serious s< ienlifii resean ll began to look mure an J more like very 
11 us, ienlifii Inn. 1 1 .line showed .il.inn in.; signs el developing into .1 hill blown 
social and cultural revolt. 

game-playing anyway; ho was simply choosing to play according lo a different 

But it was a political game, too. With ISD taking over from psilocybin as the 
authorities, and the attempts by die gentlemen to spoil the fun for die players 

civil right. In a speech given k> the Congress in I'll, the great liberal president 
Franklin I >. Ivwseveli outlined lour freedoms th.it he s,nv us fundamental to all 
human .11 i.i.r-; I nidi :m "I snei ■ k anil evpus-aon. I f ed. 'ir. ol iv. uship. I n ed. >m 
from want, freedom from fear. Le.irv proposed .1 'filth freedom': the freedom to 



There is Lhis II) fool L.ill pa I in tree with diamond in omits. The boy is a 12-year- 
old Polynesian with a blue bikini. He's doing a double back-flip into a 
swimming pool iilled with m.irsfim.illnw Mull.' This could be l.earv describing 

The link with LSI ) w as established earl;' on in the history of the virtual reality. It 
was, perhaps, inevitable, given tin- inlerest ol I.caiv. II ceitainlv gave the. idea 
news value for journalists, who at every opportunity tried lo lure a very wary 
Leary and Lanier into describing VR as a new form of hallucinogen. But the 
1 1 nne. li; 'ii '.'. ilh .n 11 ;v- "'■1- a it . ■! ■ 1 n iviv If.. 1 .1 . 111-' ■ el the r.luki -r.-h ip 
between I .c-.i 1 c- an. I I f.e Iwo wi 1. ■ in. \lr.i _i -■! - jit d It' Lheir histories. 



One of the earliest published references In cirluul roalily came in a honk written 
by Stewart Brand entitled The Ahriin Lib: Imvnlmg ike Future at MIT. The MIT of 
llie tille iv, is, til l nurse, Ihe Massai hiisetts Instiliilo ill Teehnolog\ ; Ihe Media 
Lab (motto: 'Our charter is to invent and creatively exploit new media for 
human well-being and indi\ idual satisfaction' 1, note the Slur Trek-like half- 
split infinitive) was a laboratory set up .is tlu' world's first research i nitre 
devoted to tho technologies of tlie media ago. 'The term "virtual reality" tickled a 




understanding . 17 



Stewart Brand established himself in the 1970s as one of the official chroniclers 
of the computer revolution. He was also a key participant in Leary's 1960s 

that were at the vanguard of Leary's psychedelic revolution and who drove 
around ill Ken Kese\ s 1 \\\ "In bus. ISi.iihI org.ini'od one ol I lie key events of the 
LSD era, the Trips Festival" hold in San Francisco in January, 1966, It was to be 
the last of a series of events dreamed up by Kesey 1 ailed 'ai id tests', group acid- 
dropping sessions aimed al exploring the idea of a 'group mind', a slate of 

seamless consciousness. It iv.is.it Ihe second add test, held after a Rolling Stones 
concert in San Jose, that this aim came closest to fulfilment. Attracted by 
handbills distributed by I'rankslers at Ihe end of the ameer L, a group of Stones 
fans convened at Ihe rambling house of ,1 leas] ee. enti i, and began taking LSD 
to the accompaniment of a Palo Alto group called the Warlocks - who were 
later to change their name to the Grateful Dead, the band for which another 
SIGGRAPH delegate, John Perry Barlow, wrote lyrics. 

Brand clearly saw the acid test as a new type of public event, one that could, 
given an appropriate dose el organi/alinnal and entrepreneurial flair, rival a 
rock concert. Brand was not interested in K.meoed handbills; he hired an 
advertising executive as publi, ist and — hard though it may now be to believe 
- sel about .iltr.ii I hi); business sponsors. Brand's aimmer. ial pragmatism and 
boy scout enthusiasm resulted in a sort of huge \ illage fete, one that attracted an 
estimated 10,001) people and perhaps, though this goes unrecorded, a profit, it 
was so successful that a New York promoler reportedly wanted to book Ihe acid 

test for Madison Square Garden {which the Pranksters would only agree to, 
according lo the Trips festival publicist, il il was renamed the Madison Hip 



In the event, Kesoy was arresLed fur possession of marijuana soon after (while 
ho was on the roof of Brand's apartment, as il happens) hh J LSD was outlawed, 
turning the drag mmrmi'nl into one with a loss relaxed agenda. In 1968, Brand 
went en thy edit the Hjiefi' fjifJj'j Cjibilpg, a definitive resource book for thy 
ecologically minded, providing information on crafts and kind living for the 
1 nunter lulturahsls surfniing h.ini underground [nn\ erneiil i' i'i: 1 I V J ■ ■jrlir 

Catalog was radical in its design as well as its content, loose in its layout, 

reflect its publishers' free thinking philosophy, a reluctance lo give one piece of 
information primacy over another on tin- grounds that it was more democratic 
to let the leaders dci ide for themselves what was important. 

As the 1960s drew to a close, California was already a centre of the sort of high- 
ly h I -1 1 'Il :-!',v • "llipemcs .illd I I" 1 slk'.loUs u' .l.li lllk 1 1 si a 1 1 :1 : :11th s l]ia L . Well ■ I" 

make up Silicon V'alle\ . ui'. d .1 n 11 111 he 1 1 ■[ ^. Jn l 1 ■ ulii ■ had hern lured there by the 
prospect of revolution began to see the computer as the means of achieving it. 
And it was, ironically, tin- philosophy expressed by the low-tech Catalog that 
helped foster this belief. 

The connection of high and low tech can, in part, be traced to the influence of 
Buckminsler Fuller, an ar. hiUvl-.imi-ir.vi-ivii >!• inn-engineer who preached a 
gospel of technologii al humanism thai resonated with a generation more 

deployment. As a response to this he developed the concept of Dymaxion, a 
contraction of the words 'dynamic', 'maximum' and 'ton' that to him 
summarized the need to develop resource effk ion U sell sustaining technologies. 
He developed the Dymaxion ideal by inventing a host of devices, from 



Ocean World Map, whn h was the si/e ol ,1 basketball court, it entailed trying to 
distribute world resources 111 a way that ensured that everyone would 'win'. 
This very whole earth enteitainmeiit drew the attention of ,1 number Californian 
programmers and philesnphers, iv]il> managed I., ini plement a version of it 
using a computer, perhaps in tin- process creating tin 1 world's first world 
simulator and setting a preiodoni that was to make the idea of virtual worlds 
more accessible — at least, lo California's hee-lfi inking programmers. 



By the early 1970s, California, and particularly tin' San Francisco Ba}' Area, was 
filling up with research programmers, electron]! s engineers and broad-minded 



liberal humanist hungers .hi h Hi a desire Ii> i rente .i whole earth, free-thinking 

environment that captured Ri-aud's brand ol entrepreneurial counter culture. 
Bob Albrecht, a former computer company employee, .mil a teacher, LeRoy 
Finkel, were typical of the times. They founded .1 publishing company tailed 
Dymax, in honour ol' Fuller, ivilh ,1 mission ol computer enlightenment. In 
Oi -inher, 1972, they lauiuhej d tabloid ilevvsslleet entitled fVrw'fl l.'iiflipiliT 
Compimi/ which, in its launch issue published in October, 1972, carried the 
following message: 

'Computers are mostly Used against people instead of for 
people 

Used to control people instead of to FREE them Time to change 
all that — 
We need a . . . 

People's Computer Company* 1 

Two years lute] 1 [he iTU-ss.ev t..;md nju.illv [1 "till 1 ■\nicssion in a book with 

whose author was later hailed by l.edry with < haracteristic hyperbole: 'Well, up 
on some magnificent Himalayan mountaintop, next to the cerebral left or right 
lobe, where a few men and women get to look down over human affairs and 
inn predict uh.ii's gum;; to happen - lie pul (Galileo, Tom Jeflerson, Tom 
Paine, and Euckminsler Fuller. There for P years, anil ma) be a thousand, has 
been Ted Nelson. ™ 

published in I9S7, Stewart Brand described its unashamedly political mission: 
"Revolution" is an overvalued, word these days, especially around new 
technology, most especially around computer technology. For the coming of 
personal computers, however, it's the right word, bemuse the people who made 
the eyenf happen sale themselves as revolutionaries and ui ted an ordiuijly. hi 
iiv: 'I1v.11.10n. -avl'\ and I'.lih.il ■ ■ 1 1 ■: ■ ■ 1 . Ihi-v loiii'.hl and '.vou .; -I'-cnd .\ini- 11 car. 
Revolution. Oh, was it American.' 

[ he sou .i Hi >l.vvcood star anil a movie dui-ilor. the pjuducl al rxpen-tve 
schools and art colleges, the writer 111 1937 ol a rock musical, Nelson was a 
perfect candidate lor the role of revolutionary. 

He was charismatic, confident and t lover. He brought a spirit of adventure to 
the notoriously beige, conservative world of corporate lompuling. 



As ,1 political tin J moral trai t, i'erillildiT I. lb is .is i rude as its title would surest. 
Nelson used placard lani;iiae,e, rijjlil clown to the use (it capitals for emphasis: 
'THIS BOOK IS FOR PERSONAL FREEDOM AND AGAINST RESTRICTION 
AND COERCION' (and against baby battering too, presumably), 'COMPUTER 
POWER TO THE PEOPLE! DOWN WITH CYBERCRUDf lis message was 

simply that everyone should learn how to use milliliters he, .use computers are 
mm h more interesting ,md im porl.ml than e\ cry one assumes 111 em to lie. hi the 

pro;.; ram nun i; skills was interspersed with calls for computers to be made 
available I.' en r-.h, .,:■■. who w.inls them — even siu'^e^iiig that families club 
|. -ther 1-. i huv mink omputers. 

The book had its Kiddies too, the wins! ol which w. 
computing was monopolized hv IBM. It reprei 



proii'iot. o 1 i.'',n"i. in i ■ hv ii n .. i s.nv. lis compu li is .m pi !■ a^i d and hv inti nlLen.ih'- 
lailini; to do< Li men! ,idci]u,ileli Iioh thc\ worked; ils lei luiologv was base J on 
the principle of cen I in] ration, comprising enormous mainframes offering 
i I Ml I pa I ii I; 1 , puWer onh In those who management i llnse to give the piivilege nl 



The white stetson, meanwhile, was Horn h\ Pi;;ili,il kcpiipnienl ( "orporalii 
DEC. Inscribed by Nelson as 'The computer fan's computer company', t 
highest possible niirlade. I 1H1 ' was praised lol huilihi!.-, small lompuleis a. 
supplying Ihem u:lh lull do, umenl.ilioii. The i urn paiiv was also praised I 
building computers lhal weie 'designed nv programmers, /iif programme! 



triumphantly aloft. He showed the resulting slide to a group, of local 
government officials in Atlanta to the accompaniament of the music from 200V. 
A Space Odyssei/ and while proclaiming that 'COMPUTERS BELONG TO ALL 
W tXk'v' The ;;iiiipiiler icohihon was niulerwav, and as promoted by 
Nelson, it was a moment that even a bunch of hcaniled i i\ ii d ign i la lies kad in 
applaud." 



just months after Nelson's book was published. It is claimed to be the world's 
first microcomputer offered for sale. It pun idcd, however, meagre computing 
resources, cost several thousand dollars in any operable configuration, and 
served, no useful purpose. Bui il was a start. It also inspired a couple of young 
enthusiasts who hung out aL (he People's Computer Company to have a go at 
designing a computer of their own. They were Steven Jobs and Steve Wozniak. 
and tire computer Ihev Knit w.is the Apple., m name as well as design, the 
prototype of the now era ol personal > oniputim 1 , ,iml hcni]' ( n whole earth 
business values. Apple, which has credited itself with the invention of personal 

computing power to the people into a practical possibility. In 1984 it launched 
the machine that consolidated its international success, the Macintosh. It hired 
Ridley Scott, the dim tor of lUiiili- Rumirr, to direct an advertisement that did not 
even bother to show the product, hut r.ither depicted tin' announcement of the 
new machine as a moment of liberation when the totalitarianism of the 
mainframe era (in other words, [he IHM era) would end and the individualism 
of the personal computer era. represented h\ ,1 ivhite-teeshirled woman athliite 
pursued by secret police, would begin. 

However, as Apple's power has grown, so iis counter-cultural credibility has 
diminished. By the Lite I4fl(ls, il was being run by John Si ulley a former Pepsi 
e\ei uli \ e n ho. despite an enthusiasm tor informality at Apple ^inventions a ad 

a sometimes visionary oraiorkal st\]c, was suspected of wearing a corporate 
suit beneath his teeshiil. lake the industry th.it it had done so much to influence, 

slogan. F.ven more sinister from the point of view of the > omputer liberationism, 
the term 'personal computer' had actually been adopted by IBM as the name for 
its microcomputer products. By the end of the 1980s, describing a product as 
'Personal Computer compatible' ,u In ally men tit that il was functionally identical 
to the IBM PC. The forces of tyranny had, in short, succeeded not so much in 
quashing the revolutionary cause as taking over the running of it. 

It was, signfiiantlv, ilu ring this era ol corporate takeover that the term 'hacker' 
began to pass into eyerv.iav I a m',i: .;;'/■■■ I un ■mini 1 , was .imhiguous. It was used 
approvingly by those who were identified as ha, kers, and pejoratively by 
almost everyone else. To both, liiukers were ohscssives. Hnl lo Ihe liar hers 
themselves, they were obsessive .ihoul exploring Ihe ways computers work. 
They were explorers of Ihe information Iron tier, followers of what has hei ome 
known as the 'hacker ethic', a creed defined hy Steven Levy, in his book on 
hacker cullure, lis ,1 demand thai '.mess Ui computers — and anything which 



might teach ymi something about the way Ihe 
unlimited and tolal'.'- They atkmnvlodj'ed mi re 
access, and won 1 only too happy to broach any 1 
contrast, non-hackers saw hackers as saboteur 
soi ia!l\ underdeveloped aiHiM.ills who lasuall 
i iimpulor si stems in order In iiirrupl or steal the in 



contest is interpreted as an expression of the engineer's sense of alienation, of 
k'in;', .1 ■ a-u,il:\ "i ::n ■ sr. i rod . emu ■ linn K ; i n s, ioni ■:■ ; i n i.l -■■iv-.u.i ;v . I :i i- 
ironic self-degradation is a feature of hacker culture that denigrates the body 
but worships the machine. To a hacker, however, a machine is not what the non- 
other words, inhabitants of the abstract domain, and it is that domain to which 
lliei I rnk heloni;, mil I lie n«l\ . mini dene one el plnsknl hardware. 



Nn one hi 'I lei' symbol i/i-s the ha. kei's 
and eknjuenl i hampions, Piehanl Sla 



onee ] in ii l.iimed. Not tor a generous renin rier.il kin pai hage, not lor prestige, not 
even lor an elernik ol niiiul-monl deling serv itude, lull ior line. 

St.ilhii.nl eoiuhii led his i ampaign lor uh.it he . a [led progr.i nm line, Ireedoni' 

llstlll; 1 , displavi al on a l.u i',1 ■ VI i LI .1:1 c a • ; a.n;;. I':' (il amantiensi-i who -a I ne\l I: ■ 
him, kej'ing his hubb] ur;', stream nl i onscionsness into lire computer as he 
picked the dead skin from between his toes. 

Stallman is a shock to behold in the age of aerobics. He looks like a pale- 
skinned, soft-bodied dweller of cavepools, ill adapted lo the world's glare and 
noise. What, however, hi- mav Un k in musi ..■ torn ■ ho makes up for in strength 
ol spirit. In tire iaie ol thr inlimKi.iury. lorivs "I • ennnen r. lie has loih'.hl 
resoluteh to prevent wh.il he sees as Ihe enclosure ol information. 'In the time 
that I've worked as a programmer', he has said, Ti e wall lied Ihe field i hanije 



from out of cooperalhij; and sliarin;;. whore people could ri'uso previous work 
in any useful way to ciiK Lin, !■ Ihe state (if the Lirt, In one in which cooperation is 
largely forbidden by the mvnns til software.' This is, be thinks, part of a wider 
mm. 'men I: 'There is .1 I rrnil towards mini' 1 mil ml ill' what people 1 an do with 



li':',.il instn 1 mi 'ill for conlrnlling in lor 



rij'hts withuut a heavy hand 1 , said Mailman. This was eseinplified by the 
decision made hi o impanir- . 1 Uh ■ Apple. I olus and ,\-h tun -Tale — 1 ompames 
thai wire themselves ,ill p.nti, l 1 r. I s in .is ■,■.-..■11 L is hem ■! u iain.'s .•; Ihe personal 
1 omptiLei rovi'lulion - lo tesoi'l lo law m an atti 'inpt lo stop othei • cm panics 
using the 'look and feel' of their products. At stake was whether or not a 
priJ;',r.N]ii's 'user inlerface', Ihe means by which the user manipulates it, can be 
1 eiivi h'.hl' d. II il .111 .ni'.ue.l M.cko.ui, -i' .an a Ivpi wrilor's 'u-ei inlerlau-'. 
forcing each typewriter numufiu [hut to iome on 1 with li different arrangement 
ol Ihe keys, and so can a car's, forcing each cu company to use different 
allerna fives to the stoerim; wheel. The iiu f thai 1 urn panics are even alli'inplnl;', 



parts of their administrative software so that as users typed in their password it 
would be displayed on the computer system's main _VDU. He helped found the 
League of Programming hoedom and Ihe Free Sellware Foundation to protest 
at tire spreading common ial control of information and to promote the 
1 iilldboratiic del elopmeut of public diuiiain sell ware. 

Sn. h i I l"i >, hmiTviT. luck ::n le.isinolv | nil'. ■ in Ihe l.ii i ■ i 'I Ihe .-. i' nv i n \\ power 
of the personal uimpuler industry. The slogan of freedom ol information is 
beiominj; ilillii nil In, understand, lei alone im piemen I, in an in, I list r\ I ha I earns 
billions of dollars hum it. Apple muv have 1 imlinued lo pride itself nn its freo- 
whoeliii};, free thinking ior|iorafe culture, but success may have gone to its 
head. Dismayed Ikh kers bewail to incuse it of iisiiij; the same technologically 



monopolistic prartii es Ilia I IKM had used - even that ii w-as polling worse than 
IBM, which was at least *» inj; ether i oiiipiiiiies it> copy and develop Home of 
the technology used in its Person. i] Computer (" t h i j 1 1 j ■ h , ii should be added, that 
IBM did not allow this to happen because ot ils lil-u-rril principles; if it had not 
done so it stood a serious risk of prosecution under America's anti-monopoly 
laws). Under its Wall Street appro led management, Apple was being accused of 

betrayal. It had used one Orwcllian metaphor in ihe I9H4 advertisement 
announcing the lauii'h ol the .Vl.k iiitesh. Anelher, dial el Napoleon in Animul 
Farm, was, people like Stall man argued, heionmij', alarmingly relevant to ils 
subsequent behaviour. 

Had there, then, been a computer i punter revolution thai had simply left a new 

■-'■l I 'I pi II I: " I .it I' pe'.s 111 I . in 1 11 1-1 ' ; ;l I.: IT lv, r..l..li..l-l.: 1C.II1'', I". 1 - ■ "II 11 te r-< n 1 1 n ral 

origins and the t. all lorn i.in lik.ition oi it-; heartland. Ihe computer industry 
emerged from the rxpi'iKii^ 1 .is polilrcallv i onset va live .is anv other, asserting a 
robust, red-blooded (roe-ma rkol philosophy I ho I saw i nmmercial competition as 
the only legitimate form of power struggle, ami lawsuits as Ihe only significant 
imnofprotnt 

But what the virtual realilv phenomenon has revealed is a somewhat 
complicated pa I lorn el p.'lilh .il .' ■■p'Tisi ■-. her pi . .pie like Mailman, tire hacker 

emerged, one that sees the persona] computer revolution as having wrought 
fundamental political ihange that simply needs further technological progress 
and some political etic ouragement lo fulfill it-, promise. After being funded for 
two deeades following Ihe war by the American military, a 'funnv thing 
happened' lo computer science, wrote Brand in 1989: 1 ' 'Computing power 
dispersed... Thanks to Ihe deliberate grassroots revolt of die creators of personal 
computers and Ihe lavish cleverness of the makers of consumer electronics, the 
bit business began lo be taken over by citizens and customers.' The personal 
computer revolution has vasllv empowered the individual', announced Reality 
hta'fai', the magazine that later mutated into A Imido I'D!/') and was regarded by 
mam ill the c irln.il re.iliU , on I mi in ill ,is llieir philosophic el journal. 

But One has to ask: in w hal way? Whir li individuals are vastly empowered? 

I he' ovamplo usual Iv c\ivon of compti lori/rd people p.iwer .- desk lop 
publishing. Usirrg a computer, tin' right software and a printer based on 
photocopying technology, together costing around half tin.' price of a normal 



family oar, it is possible to produce publii aliens with professional-standard 
l.miuis and n(\ir-ii pesoiimg <|u.i]iu |>rini kl\ and relatively easily. This 
encouraged a welter of speculation — much of it fuelled by Apple, whose 
Macintosh first made its market impact as Ilie main component of a desktop 
publishing system — about readers becoming publishers, of closing the loop 
between supply and demand, so Ural people no longer had to roll on Ilie 
judgment ol large, distant ,uul disjuioresled i orporntions In sup|>K their 
information. With lire devi 'lopmcnl "I what ho.ame kii ^ wji as 'desktop video 1 
alongside computer graphics and cheap video cameras, the same was 
until ipuled fur Ih. i; mini powerful and dommunl of all media, loleyision. 

ISiand's form of tei nnolouunl liberalism reai lied a peak in the mid-1980s, when 
ihe technology was beginning I" deliver Ih' 1 goods. An.; it was at this moment 
drat virtual reality was bom. It represented the ultimate form of individual 
empowerment, the destiny of the revolution: it gave each individual command 

hills to landscape themselves the environment they wanted. In the personal 
computer era everyone will be able to do the same simply by donning their 
goggles and running a rcnlitv editor. Rei ause Ilie i osl ol Ihe lerhuologv would 
inevitably fall, it would offer a (rulv democratic form of empowerment, 
available to anyone with the price of a hi-fi in their credit limit, including - 

bullshit? Is it pure political rhetoric or a genuine lor hnological possibility 1 It is 
hard lo lei I. The idea dial desk.op publishing liher.iled the press is liighh 
suspect; there is little evidence of it actually happening in the fundamental sense 
of breaking down Ihe traditional role of Ihe publisher. II is also suspect for Ihe 
simpler reason that samrzdal and other 'unoffhial', homebrew forms of 
publishing were achieved without computers — printing has, in fact, always 

accounts for its enormous success. All thai desktop publishing seems to have 
done is provide puhh.shei wil h productivity gains. 

The same argument can be applied to dekstnp video, the concept that 'Prime 
time becomes my time', as Nicholas Negroponte, the director of MIT's Media 
Lab, put it. Certainly, cable TV as well as home video could, in combination 
With computers capable ol manipulnling \ ideo images, be used to Create a sort 
of Me TV channel, on,' thai reflects cn\ individual interesls. Eut the experience 
of home cine — surely itself a paradigm of libera ling personal media — shows 
that it wil! lake more than tocliuokigi lo t halleuge Ihe position of media on ne i s 
like Kupeii Murdoch. Maga/.iues lor amateur film makers explicitly invited 



tlu'ir readers In ii l n- Hulls wood. Li i i it 'ate a sort ul' douit'stii studio system that 
ts mi Id deliver lliem with I'ilius lli.it reflected their htcs. HolU woo J survived. II 
anything, films have be, nine less ,ind less personal, rune and more the product 
of an industrial system t ijhlt. 1 1 in;', in .in international market. 

Television, it could be argued, is different. In America, cable TV has seriously 
threatened the power of the national networks. Perhaps this marks the 

ei en is ilk liit'Ji-lt't hru ill ii;\ i .ilile si stems oi tennis hundreds til' , I hi nil, 'Is ,nul 



pi'tintmiy of naUtmal, local .Hid special interest media, (able, likf desktop 
publishing, lias done little lo ih.in;'e the uiideilving stmcture of media 




perestroika does need to he examined cauTully. To most outside the industry, 
the personal computer is a white-collar toy, an accessor; for those already 
plugged into the posvei . uvuils. II is easv I.. Uiiy.el tii.it bullshit like 'the fastest 
route from imagination to reality' is not real I v for creasing I lie skids upon which 
wo ride into the future, it is lor greasing up lo potential customers. 



In October 1990, two months after S1GGRAPH, most of the hip, hype, hope 
panelists tripped off lo San Francisco [01 the Cybeiihoii. It was to be the 
computer revolution equivalent of the Trips Festival held there 24 years earlier. 
It was even organi?.ed by Slewart Brand, who once again invited the 
participation of local businesses which once again offended the radical 
sensibilities of die counter-cultural diehards - including Lanier and Barlow, 
who al one poinl Ihrealened lo boycott the even!. 

The link with the old at id test davs was t| Lute ex phi il. One delegate was even 

mark not the recovery of die spirit of the 1960s so much as the end of il. The first 
sign that virtual reality was passing a point of no return occurred at SIGGRAPH 
in the closing stages of hip, hyp,', hope. In a dramatic podium putsch, the 
computer artist Myron Krueger shoved a protest in;', Bub [ueobson to one side to 
announce his commitment to the idea, having 1 1 lined I he term artificial reality in 



Ihe 1970s. '] think Jaron (Lanier] was eight years old when I started working tin 
IhiS stuff, he said. Lanier wearily replied in terms thai seemed calculated Lo 
damn Krucger lv jdi exir;i\ .ij'.inl praise: 'This is Miron Krueger, who is ,1 
wonderful pioneer. I've been influenced by him, 1 respei I liim enormously, ami [ 
appreciate him incredibly. 1 

i ompam , Vl'l , I Lad lien '[lie I'irmL eslabl islied as the lead in.; supplier el i irmal 
reality 'tools', mil simpL headsets and gloves, hut suites i>l' soilware thaL would 
enable users Lo build 'worlds' for themselves. 

Me, i null ile, Autodesk, another ol I he pioneering nun panics, was In in;; to take 
William Gibson, who coined it, threatened to sue. (Ted Nelson, now working for 

amount of clamour abonl returning tn llu' < onspi r.ilorial ambiance of earlier 
times could change that. 

All of which bemused William Gibson. He was credited with inspiring the idea 

boosied drills [nt,i In pedicle, described Gibson as 'Most valuable performing 
philosopher', the writer of 'the underlying myth, the core legend, of the next 
stagi' of human evolulion'.'- I'.ibsnn, however, was im™re that i ybersp.tce htid 
Ix'i'ii adopled In the virtual realili indusliy quite in tin' spirit In' origiiinlk 
offered il. '1 sometimes get the feeling that l.'i linii ill people who like my work 
miss several layers of iron) ', he said at tin.' Cyberthon. 1 '* 

In an editorial on the 1991 SIGGRAPH conference at Las Vegas, one which 
featured an entire gallery devoted to VR installations entitled 'Tomorrow's 
realities', the editor of the trade maga/.iiie i. "iiifrpidiT i.,mphii:z World, Phil 

I nlVci'lo, wrote that virtual reality was threatening to split the toinpuler 
;',iaphiL wedd :n twain: Al •■lie e.vlrvme ate those who pu ih' l lhat virtual 

I I mIiIy Ilia'.' si Mill ■ da\ laill. ,i- one el L:lr ■.■.[".! I"- 1 iiivlt.Iioiis -im e 111" l -1 1 ■ p 1 1 1. ■■ n -; ■ 
or the personal computer. At the other are those who believe it will be one of the 
biggest boondoggles since the videophone or the personal helicopter.™ Who, 
then, was right? Phil LoPiccolo was not af all sure. No one was at all sure. 
Virtual real it v had K'.omr s,, entwini d wilh Ik, ■ ni, l..p|-.. rs and rhetoric that it 
was losing all delinilion. Il had become a cloud ol ideas whose shape depended 



on who was looking al it: almost in the shape of a Icdmologk-al breakthrough, 
niii re Mki- .1 iiu'l.i|>li(>i, |H'i ]i.i|is .1 tool dl |>nlilii,il i han^e. 

So is there any way of discovering the suhject of one of the most important 




under its auspices could as easily have been done, and in some rases is beinj; 
done, under the auspices ol m"i>' mundane disciplines: unnputer interface 
design, computer simulation, human Lkli'is' (e.hi.h deals with the human 
factors that come into the design of technology; the NASA virtual reality 
research work was done in the agency's human factors division). That is not the 
point. The significance of virtual reality — and it is one hard to overstate 
(though Leary, no doubt, could manage it| — is that it directly confronts the 
question: what is reality? 
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2 

SIMULATION 



Tr\ ini; to Ir.ieo [lie origins ol the idea ol' \ irln.il ro.iliU is like try in j; Lo tr.no Uu' 

however, had difficulties coming Lo terms with ils offspring having such 
indefinite origins. Its creation myth is filled with the rhetoric of invention and 
discover;-, of 'founding fathers' and 'pioneers'. Technologists, being mosdy 
American, are fond of titles that evoke their New World heritage. At graphics 
conferences, the grey-bearded delegates advertise their honorary status with 
ribbons proclaiming parenthood of the industry they helped create. Awards are 




embrace it — is that it has nutli liij- u> say .lhiuiL origins. Technology becomes 
nothing more than llic- prnduii of genius ignited by that ineffable spark of 
inspiration, which is a lat lol i'i ;',ood il vou uant ^ make some sense of it and 
the world it is a part of. 



prime mover, one isi.|.:ti 'il hum. in .n I. bri I i' li,il vou ir, in Hegance you lose in 
richness; vou may hear snatches ol :hi- melody, bill never the symphony. Von 
also gel a verv pool' basis on which lo ptvdui lb.. 1 elieit the technologv will 
have. The technoliigic.il mvlh milkers assume tb.it the purpose or function of a 
new technology is somehow implicit in lis origins. Ihe product of genius rather 
than environnrent, all nature and no nurture, which is something that was 
certainly never true of the eomputer. 

Already the hunt is on ier thi' moment nl virtual reality's invention. The 
favourite candidate is the publication in 1 9fiS ol an ae.ulemic paper by Ivan 



Sutherland entitled 'A heaJ-mounlod throe dimensional display'. 1 This paper 
certainly specifies one of the kej technologies to be used in subsequent virtual 
reality experiments, hut to undersiiiuil whai Sutherland was aiming at tan only 
be done by working hai kwards rather I turn lorwaiils, lies', inning with an earlier 
paper, portentously entitled 'The Ultimate Display 1 .! 




press about himself or his work, and has generally hi'en held in awe by the 
industry thai regards him to be one ol ils uraiors. All ol this makes him an 
excellent candidate for the role of inventor and hero of virtual reality. 



would be good enough li> sil in. Hand' nils displavcd in such a room would be 
confining, and a bullet displayed in such a room would be fatal. With 
appropriate program mini'. <m h a dispia\ i oukl lileiallv be the Wonderland in 
which Alice walked." II was a slatiling vision, and not just because of the 
macabre examples. Those were, il musl be recalled, early davs in the hislorv ol 
computing. Computers wore slill huge, hot, heavy technology, expensive, and 
i apable of prodiu ing onlv the crudest pu lares. And here we have a computer 
lei hnoloi;isl aitlii ip.ilini; I he realization nl Wonderland. 

How, then, would this ultimate display work' Sutherland was writing at a time 
when displays were understood to be an_\ kind ot device that would show the 
computer's 'output'. 'Input' and 'output' are key computing concepts. A 
computer is a device thai takes information in - Ihe input, processes it, and 
then puts out Ihe resull - the output. To take a simple example, the process 
nun he to add ll\o numbers together. The input information would be 1 1 if two 
numbers to be added, sav ' I' and J'. I he on i pit I information would be the sum 
l>I those two n umbeis tidili : d together, '3'. 

Displaying the output is not as straightforward as it sounds. The computer 

the number 3. The display device then has to turn this into something 
intelligible. Ii could do this by producing three beeps on a loud speaker 
(computer jargon allows such nddilus .is audio displ.iv-i. More lfkelv, it will 
turn the electrical impulses into a varying i urrent thai manipulates an electron 



beam that inscribes the shape oi .1 three or a screen — a visual display unit, 
VDU. 



Sutherland's ultimate displa}', however, would go much further than th.it. It 
would not be just visual, or ™n just aural, it would he 'kinesthetic'. "The force 
required to move a joystick,' wrote Sutherland, 'could be computer controlled, 
just as the actuation force on the controls of a Link Trainer are changed to give 

scientific or technological idea is harder to discover than is often assumed. 
Having arrived at what seemed to he the source of a virtual reality, we discover 



The danger of flvmy, planes was obvious almost 1 10111 the moment of their 
invention. The world's I lis! iiioi |i ir - ( i 1 1 a. udeiit. which sciiotislv injured Orville 
Wright and killed his co-pilot, happened just five years after the Wright 
brothers' first (if, indeed, it was a first; lhal is contested bv Ihe French) flight at 
Kitty Hawk. The occasion of the accident was a flight trial laid on for the 
American War 1 depart me tit. I he mix o: mill far v peleiil.al and. inherent danger 
made the development oi the simulator, which could. Irain pilots quickly and 
iheuply as well as safely, inevitable. I lesions were hi'inj', patented as rarlv .is 
1910.5 

The Link Trainer referred to bv Sutherland was developed by Edwin Link in the 
late 1920s. He was bom into tin- then he'.hb ^u.'' ,, --lu. .mil le< hnolooicallv 
adventurous world of mechanical musical instruments, f lis lather had founded 
the Link Piano and Oi^in Company ol Ringhampton, New York, and Edward 

pneumatic switches to play the piano's keys, and activating the switches by 
means of a series of holes punched in a ribbon of paper, it was possible to 

reproducing aircraft movements. He patented his first 'trainer' in 1930, 
describing it as 'a novel, profitable amusomonl device' as well as 'an efficient 
aeronautical training aid'. |ust over 50 voais later, one of the world's first 
commercial virtual reality svstems, developed bv a Hrilish company called W 



Industries, was launched using more elaborate language ('[lie only limil is your 
imagination'), but promising strikingk similar allr.iL linn?.: .in amusement device 
thai would profit arcade operators by providing players with the sensation of 
fly in)', tin aircraft. 

Link's first trainer provided no instrumonlalion, siinplj .1 lockpit mounted on a 
fixed base that 'pitched', 'rolled' and 'yawed' in response to the movement of a 
primitive set of controls operated by the 'pilot'. A charming feature of the 
machine was th.it it looked like .1 babv-si/.od plane, complete with wings and 
tailplane. The official function ot these was not, obviously, to make the machine 

recognizable indication of the position ot the consols. Cradualls, such features 

disappeared. h'Y Ihe kill- J'^lls 111.' wings vile mini' like those . i| .ill ostrich. 

Kitelv visible, almost ,1 parody 11I Ihe real thing. O'i-r Ihe years, flight 
sunulators have he. mire phvsi. allv [ess and li .ss Ilk. 1 air. r.ilt, losing any yisual 
reference to aircrafl I usela gei, leaving behind .1 w in dim less tlome mounted on a 
hydraulic platform, an airline insignia Ihe last remaining external evidence of 



The reason for this gradual abandonment of redundant features is obvious: 




in ould lool the pilots in belie, in;; that lho\ were in a real tiin raft? Oln iousk 
not. The reason has more to do with the fact that early trainers were not 
simulators at all. They were mote like fair;', round t ides, they did not attempt to 
simulate aircrafl so much as suggest ,1 vague empirUaJ likeness. Had Lhey been 
given portholes and propellers fixed al Ihe rear instead of Ihe front, lhey could 

I .ink trainers. howcor, did manage to re pro. hi 1 1' some ot ihe feel of tl \ ing. The 
pneumatic mechanisms wi re advanced enough In mum. .in approximation li> 
the sorts of movements a pilnl ivnukl experience in a real enckpit. The}' could 
also reproduce the forces that Ihe pilnl feels through joystick in real flight — 
these being the 'actuation forces' that Sutherland later imagined being exploited 
in his 'ultimate displ.iv'. hi 11 1 the Ira iner . nukl only l aptu n ■ at Ihe crudest level 
Ihe relationship between joystick movement, the plane's disposition and the 
position of the flaps. It could not accurately represent the way a plane actually 
flew, the relationship that exists between changes in the controls and the effect 
on Ihe aircraft's position, speed and altitude, ll 1 iiuld imilate living, but it could 
not simuLite flying. To simulate something \ ou need mine than mere mimicry, 



inn re tl l.m .in ahiliU lu ] mul mi' ,11 I ii mis thai tire like tin' ones mill jit wanting U> 
simulate. You need ,i ivnrking model. 

The distinction between simulation and n:iil.ilion is a difficult and not 
altogether clear one. Nn erihelcss, ii is vitall} important. II lies at tho heart of 
i irtual reality. 



An altimeter, mi instrument lor ine.isii riny, altitude, is ,i standard piece of 
aircraft equipment. It indicates the height at which the plane is flying by 
measuring the atmospherU pressure outside Ihe .iirci,ifl. Atmospheric pressure 

ton mi I a: lor ei er\ lb kilonieLres ( 111 miles! ol allituJe. pressure dni|is In .1 l.n Inr 
of about ten. An ill I nr.. lei . then !■ .re. -i:r. ;i|v needs s,,mc . on neition that links its 
gauge to a pressure meter, such lhat as lire pressure meter's reading falls, lire 
altimeter's needle rises by an appropriate ratio. 

If this is done mei hank allv by means ol gears'. Lire lestihing linkage is a 
mechanical model of Ihe allilude/ pressure relationship. but Ihe significance of 
this relationsliip can be taken to a further level of abstraction, since it can be 
expressed as a simple mathematical formula. The actual arithmetic used will be 
based on 'differential calculus', the type of maths used to deal with related 

as the aircraft rises (or falls) that is used to calculate the altitude. If the pressure 

one ,n ill e hell kilometres hi), her Ih.m i\e Here hell ire. 

'algorithm', a pi.n eihire thai H ill i iel J the result i;i\ en Lhe uei ess,ir\ 'in pals', or 
Starting values (in this ease, the change in pressure). The term algorithm is 
named in honour of Mohammed ihn Musa al-Khmvari^rni, a ninth-century 
Arab madiematician whose second book gave us the word algebra (from the 

Another e\um p|, ■ el an ah.: a ilhm m i.'V 1 "- - 1 !■ 'i rnu.a 1" i :k .1 1 111, - ■ her.,-.:- i.i 
a bank balance over a given period ptodiked hv a given interest rate. If the 



interest rate is. say, 10 per, cut ,l year, [lull ',11 is Ilia I given a i iirn'rlL ha hint r nl 
perhaps £100. you tan mirk oul. without an\ further information nor so much 
as a glimmer of inspiration, thai in a year's lime tin- balance will be £110. 
Furthermore, formulae i.in be used to gciri'r.ili/e froin the specific instance to a 
general rale thai ran be used to Lalo.iJ.iLe Ihe balaiue produced by a given 
inleresl rate applied over an\ given period of time. Tile only 'inputs' that must 
be given to produce an 'output', a result, is the current balance, the interest rate 




interest rate, producing .1 sort of feedback loop (or, if the balance is in the red, a 

may, in other words, be a more lompliivitetl proieilure, but it will remain a 
mechanical procedure nonetheless. However, it is a procedure that must be 
worked out at the rate at which interest is being earned. It is a 'real time 1 
problem, Since the period between inleresl payments will influence the amount 
of interest paid. With real time systems, it is not just what the algorithm does 
that matters, but when it does it. 

Inspiration or creativity l an help work oul an algorithm —someone might be 
able to guess the result accurately - but tii'ither is netcssary in order to reach a 
solution. Perhaps it is because formal maths education is about algorithms, 

rather than the more inspirational aspei is ol mathematics, that many people 
(myself included) form such an unsuccessful relationship with the subject. 

more 'relevant', could he dull bi'iause it turns as into machines. 

Conversely, because ulgL'rilhms .ire mi'Lhankal. Ihev can he worked oul bv 
maihines. The mathiiu' only rcL|uires mechanisms that can perform basic 
arithmetical functions such as addition and subtraction. Such mechanisms are 
all around us. A lever or a set of gears, for example, can be used for 
multiplication, the decree of multiplication varying according to the position of 
the fulcrum or the relative size of the cogs. Charles Babbage, the Victorian 
engineer and one of the many people to be credited with the invention of the 
computer, designed a 'Dillorence Fngiiie' lo perform the repetitive calculations 
that clerks (known as Vomputers' before Ihe won! was applied to machines) had 
to make to draw up the tables that were Kvoming increasingly important to 
iiuhislii anil Ira Lie. The i L'liligiir.ilkiu el the nigs i\ as i oiup]c\ and ingenious 
for example, Babbage de\eloped an elaborate meihanism lor 'carrying' when 
the Sum of two numbers was greater than ten. bul the cogs were just COgS; there 
was no magic lo tin ■ malhematk a! prvi eduivs that i l'sliIicl! Inim Iheir grinding. 



In the 1930, Varaievar Hush found that he was having problems working oul the 
equations needed U> predii t [he i'bli and flow of clt'ctrk ill i u iron I produced In 
pinviT com parties and disl ribuled In I lie iiu re.isingh tangled ,iml I en nous grids 
that were spreading across lire Us. Wh.il would happen il (hero Ms a'sudden 
increase in demand for electricity of, say. It) per cenl? Would it overload Ihe 
system and cause .1 |>ower i Li I? VVli.it il the int reuse nas I Of per icnP Would [lie 

problem simply he ten times worse than if il were III per rent 1 Such questions 
could not be answered using one, eternally correct calculation, )usl as a film 

be solved by differential calculus, equations that themselves do not yield one 
result, but another equation, which is then used to find a result for each 

Bush's machine lor winking out sin ft ru nations was ,1 iol Hit -sized deck of rods 
graph tr,n I'd lw [lie machine on a plotting [able. 



I he nti ■ h.ini/.iLor. el diili ■rr-Hi.u equations wa- Ike ori\ q kt:i rough that made 




the way the pilot manipulates the controls: the jo\sii,k, the pedals. These 
manipulations can also he tinned into numbers: I he |oystkk can, for example, be 
connected to iwo wiiLihlr resistors, the soils ol eleiltual devices used for 
volume i intlrols in llifi sv stems whk h \ ai v the coliuge passing through lllern as 
they are turned up and down. If one of these variable resistors is connected so 
that it is turned as the joystick is moved forwards and backwards, and another 
is connected so il is [timed as the |uvslick is mined flout side to side, two 
varying voltages are ptodmed which vnrv as the joystick is moved. Connected 
to a pair of vollmelets, these vol tapes can he represented as numbers. 

The question that flight simulator builders like Link began to ask themselves 
during and after the Second World War was whether there was a way of 
working oul the equations thai produced tin' Mrs! sel ol numbers, (lie readout 
from the instruments, from the second, the numbers on the voltmeters 
representing the position of the lontrols. Vannevar Bush's differential analyser 
al least showed that il was possible lo use a maehine to solve complex 
differential equations; die problem was finding a technology that could solve 



Iherll ill real time, ii t a rali' th.it re I lei ts the rale at which the position tin' 
controls is changed. 

By the late 1930s, however, no such technology existed. Instead, flight trainer 
designers had con contra led Ihi'ir aiieniiun on developing hotter means of 
mimicking the experience nl flight, lor example, hj reproducing what the pilot 



beneath the bomb aimer's station to show the targets over which the bomber 
would fly. 



introduce two new and important developments: the reproduction of a whole 
ensemble of in-flight phenomena, even ; "i kpit noise (Generated by a Hammond 
organ), and the ability In t: , |-i..,liii i- the llvim 1 . ■ Kara-, lerislus of different types 



Second Wodd War was forcing the development of the technology that was to 
make tme simulation possible: tin' real-lime, digital, elei Ironic computer, the 
machine lhat could process am algorithm, and do so incomparably faster than 
any mechanical device. 



non-communicalion. 1 Vafoueil by shollhursls. blinded bv gas and commanded 
by generals remnle from Ihe hallleiiehl slain- liter, the soldiers' experience seems 
lo have been one of almost tolal sensual isolation. Yet Ihis was the war thai laid 
Ihe foundations of mass communications, before the war's outbreak, Ihe verb 'to 
broadcast' was still an agricultural lerm, used to refer lo the scattering of seed. 

changed from meaning a clerk who performed calculations to meaning a 
ma. Ivine that i on Id pi a mined I" perl, .in 1 .Ii : lenn 1 1\ p, - . cak i. kit ion. 



The impetus to develop such a ma. hi no was mam I v mil it, in . Mie, ila nil',- tin- 
need for ballistic tables lor pi'Mntm; 1 , Ihe lta|eilorv ot bombs and missiles. 



Before computers, tables wen 1 vital to any sort of attempt to predict the 
behaviour of any sort of dynamic, changing system. [( .1 jjumier wanted to work 

Out whether Or not a Ion j',-r.inj;e projectile won], I meet ils target, he would have 
to find the appropriate entry in a ballisth Lihle, one (hat approximated best to 
the missile's weight, llie Ion e to he applied Lo it an J Llie aLniospheric conditions 
through which il would lra\ol. Innumerable methods were explored lo find .1 
h a\ of making llie 1 om pi I ill ion el si.u li Lables faster and more ai 1 urate. The 
behaviourist B. F. Skinner even suggested a way ol dispensing with the need for 
them altogether. He proposed pai kaging IraincJ pigeons into a 'homing' bomb, 
and using them to help guide (he projectile to ils largel. r The idea never got off 
the ground. 

The development of Electronic Numerical Integrator and Computer, EN I AC, at 
the University of Pennsylvania fared better. Tins huge machine was designed to 
take some of the pressure off the US Army's Proving Ground at Aberdeen, 
Maryland, where, by 1944, requests for new ballistic tables were coming in at a 
rate of six a day. A single, 60-second trajectory could be worked out by hand in 
about 20 hours, on a Bush-type differential analyser it would take about 15 
minutes. The arm)', howc\cr, wauled to calculate .it a rate appropriate to the era 
of high-yield kill rates and mass-destruction lines. It needed figures for not just 
one trajectory, but a whole range, and for a whole range of different conditions. 

And so it commissioned I he k'.NIAC, « hii h promised to eal. ulate each trajectory 
in 311 seconds. 5 

As the designers of HN1AI" pointed out, however, Ibeir mai hine could do more 
than lompile hallisli, tables. 'There is no essealial or fundamental restriction 
imposed by the KNIAl" design on the ehararter or complication of the problems 




Over the follow in a, lew years then- was hi be mane olhcr iria.liines, rjuicklv 

MANIAC. Each of these tried out new technologies, but all of them had the 
same basic design. Ihe sam: 1 archill ■• lure', [hev wi re 1 le. tronie, which means 
that operations were performed by changes in electrical currents passing 
through circuits rather than Ihe movement of physical mechanisms. They were 



digital, which means Llial Ihoy dealt with discrete L|iiiinLilLi'S — numbers, in 
oilier words - r.ilhcr Ik. in analogue, like the dilloreiili.il analysers. These Iwii 

features meant they were both i.isier am] more an urate (though some contested 
the accuracy daim) ili.m the mechanical ulainrs they replaced — fast and 
an n hi 1 1 1 enough, in Joed, Ui work on I a missile'*. flight path in real time, or even 
faster as the HNIA1 ' had demonstrated In mli u latin;; a bOsoiond trajectory in 
less than 60 seconds. 

Ill 1944, around I he same time as Ihe h'.NI At ' i\ as being Iniilt, a group under Jay 
W. Forrester at the Mnss.n ImsoUs Institute ol Tei hnoloj;* 's Scrvomedianisms 
Lab began work on 'airplane stability control atialy/er' for the US Navy. 
However, the projecl had a higher ambition, lo use this new, electronic, digital 
technology to create .1 general i/ed High! Irainer, a machine that could compute 
tin.- conations ol .tu' i a:: :noii"ii uitd ■!■ 'dvn.inik -. 'I 'ulli.iv, wind tunnel data 
into the trainer would cause it to fly like an airplane not yet built', promised 

was fully operational by 1951, just in time, as it turned out, for the US Navy's 
funding to run out as the war had iiime to an end, and lor new funding to be 
found from the Air Force, which wanted In use [he syslcm for air defence. 

However, while Ihe Whirlwind i\.i*. slill being lesled, tin* projecl rese.ui hers 

osi illosi ope screens thai were used lo displai si stem information. Thei notii ed 
that, by issuing appropriate instructions to the romputer, Ihe screens could be 
manipulated lo create patterns, [ hey ev en manage. J to create a game using a dot 
lhal traced Ihe path of a bouncing ball, the game eleme.nl coming from adjusting 
Ihe inpul variables (in other words, the heigh! from which the 11311' was 
dropped) so that it would fall through a 'hole' in the 'floor'. Though no Pacman, 
it graphically demonstrated how a i ompuloi u'ukl he used to reproduce the 
animated, moving 'dynamics' of a real hall game using nothing more than the 
pure maths, the manipulation of abstract symbols that have nothing in 
particular to do with balls or the way they happen to bounce. The result was 
claimed to be the first example of 'man machine interactive Control of the 
display', as well .is the first computer game. 10 

An early testing program written lo run on (lie Whirl wind produced a series ol 
dots arranged as a grid on [he oscilloscope. These dols represented the states of 
the system's memory devices ('storage tubes', as they were called). Tire 
researchers wanted a way to Jisiover which Jot represented which particular 
tube. To do this, they built a device they called a light gnu' (this was, after all, 



just after Hie war), lompiisiug a lube vvilh .i light-sensitive detector al one raid. 
Ii\ i on I hi ling III]'. to I ho Whirl » iiul, and point in;; il .ll I lie osl illosrope's sl icon, 
il was possible to select' one of ihe dots (the i mnputor i mild identify which one 
il was by i hooking through each dot in turn and logging tin- inn' that triggered 
the light gun detector) and thereby identify its associated storage tube. 



of computer simulation and virLi 
The discovery of the principles 



succession could roprodiu o motion was to prove In the development of movies. 
We forget hoiv imlikek ,111 illusion films must haw seemed to those who first 

saw till in L.l. k' ■!. I lie lllullel-i :I-Li' I J so I :l the .. . a ,! '.: :1 1 P.l .1 t.i ■ P. J Isei. .^e- the 

word's original, mystical association wilh the divine gift of bestowing life. The 
Whirlwind had ai hieved .in equivalent breakthrough In animating a ball that 
had mi pliyskal oxisLeine or even imaginniy e\isloino. sinie no human 

imagination was needed to conceive it. 

Al il ion i id I he time Whirlwind u.is lirsl deplo. oil. I he do. elopers of KNIAC al 
the University of I'ouusy l.ania were also using US Navy (mi ding to develop a 
real-time Simulation system, the Universal Digital Operalional Right Trainer, 
UDOFT. Unlike Whirlwind, this was to reach its original aim in I960 of 

nerody uamii s. by llie early 1 Wills, l.iuk had di'Volo]ied ils own flight siuiulation 
computer, the Mark I. helpi:i : .. \]v- tei hn. ilogv 1.. min i- iin-m Ik:" academic and 
m ill l.u v world into the iommoici.il ,inil • ivil one. ['ho M.iik I was u m.K hine "Jul 
simulaled an aeroplane's Might dynamics rather than merolv mimicked them. 
With the pilot's manipulation of the controls acting as input, computers such as 
the Mark I could use equations modelling the ch .unci eristics of a particular 
plane to onlpnl the whole mulli.seusorv ensemble of inlorm.iliou Ihe pilot 
would experience: the landscape seen through the coikpii window, wind and 
engine noise, the readings on Ihe aircraft's instrumentation, ,ind tin' feedback 
for.es I el I llnuiigli Ike |o\stii k and pedals. The result was .1 highl. spei iali/ed 
version ol Ihe 'ultimate' displ.u ilial Sutherland ilesi lihed in I'Jfilj. 



HuLllerliiiul's aical c n n t b ; d n ■ t l t d \ e I t'.i |» in I lis 1*5 paper Ivas Id ijeiiorali/.e tile ido.l 
(if simulation. The nn k| ill provided a liif'JiK con I rolled 'intorlai e' between the' 
pilot and the siinnl.ilion nl ,1 IK in;; aircrall. Would it. he spei ululod, he possible 
to provide ,in inlerfa.c th.it worked with .mv simulation, one lh.it reproduced 
not just the experience of I I \ i 1 1 j in .in ,iiri rail bill of be ill" in <ul\ ail ilk lal spaie. 
a span' 'within which the I omputi'r nil roillrol the' exislon.o of matter'? It 
would In- unkiii on his to, hnoloydcil prodct ['ssors li> credit him with the 

In? was nne of the first people to j'ive it clear expression, to find the underlying 
The more pros.ni- title of Sutherland's I'JfiK paper. 'A head-mounted three 

d. 11V: -AM: I dlspk;\ ' lei I ; i -.. ■ d it- ;11J, k. .ll ilil pll.i-l- II I :lltllll:d Ike leSlllls til 

work undertaken at Harvard and funded by the same defence sources that had 
financed the development of the Whirlwind and ENIAC computers. The arm 

sensor. Tho helmet made its nearer look like an exotic beetle, with two 
grotesque inset 1 .inlenn.ie emcr)',inj', hum oath eve. These were the wires and 
bodywork of two liny TV st reens, one lor o.uh eye, whie h filled the user's field 
of view wiLh .1 computer generated pi, tLi re. The I rat knit', sensor monitored Ihe 

uncomfortably attaching the cranium of the helmet to the ceiling via an 
adjustable rod, Ihe other using an ultrasound source fixed to the helmet that 
was located by receivers set above Ihe user's head. 

The imago the user saw through this sliaiige apparatus was one generated by 
[Hire maths. Using a coordinate system, it is possible to describe a three- 
dimensional space mathematical I v. Imagine .1 sheet .'I graph paper, wilh 
in mi hers up one ski. - and ai, 'ii 1 .', ihe !"■ ille-m ideirjlving ".i. h rou anil • dunni ot 
the p.lper. i he st.fli.ni' al Ihe hi: II, 'ill. k'l I hand ■ oi ner , oa.d he des, rihod bv Lwo 
numbers, '0,0', the square at the top right-hand corner as, say, '100,100' 
(dssiimmi 1 , the graph paper h.is KM) rows and UK) columns] — this is our two- 
dimensional ai-lilitial spa,,'. You conkl des, r ihe a square- in the space h\ 
i i ten t LI \ in); each ol ils corners with a pair of numbers — ils coordinates — the 
first representing the column number, Ihe second the row number: H). II): '■'(). Ill: 
10,4(1; mi,'i|l. Imagine, further, that msle.ul of using pairs of ilumhers to iik'illify 
each corner, three numhers wore used, the first two representing, respectively 
liori/onial and vert it a I position, (lie third representing I lie fluid dimension. The 
coordinale 10,10.11) will then i epics, ,nt ptiim m th dimensional space ten 



units along, ten units up, and Li'ii unils kick (or whichever direction the. third 

Using a tompuli 1 ! lo describe Ihree-d inn nsional shapes in this fashion is 
routine. Furthermore, il provides a mums of manipulating thom, too. For 
example, the two-dimension, il square ilesi rihed by the coordinates 10,10; 90,10; 
90,10; 90,90 could be made bigger simply by men vising the numbers 
represent ing its extremities: 10,10; 100,10; 10,100; 100, UK). Similarly, the square 
i on Id lie 'mil. ed' In adding to or siibtr.K ting Iroin .ill [lie LOordinuto mini be is. 
The same could be done using the coordinates represeuling a cube. With the 
numbers added to or stihltuiled I rem the • ooiduiaLcs representing the cube's 
corners providing a means of 'moving' the i a be around and i hanging its size, hi 
the computer's memory, ol course, [hi ■ • uln ■ is ;ns[ sc[ . i| n umbers. But with the 
appropriate display, a screen or printer, these numbers •an be turned into a 
picture of the cube. 

The problem with screens and printers, however, is that the_y produce a two- 
simulate what it would be like to 'look around' models of three-dimensional 
objects. The physical span - monitored bv [ho [racking sensor is mapped by the 
computer onto the malhi -main .il spai e ol [he ohieits. As [hi: helmet's position 
and orientation changes, the computer works mil from the tracking information 
how the objects will appear if seen from the equivalent position in the 
mathematical space — the ohje, is are made bigger «mj smaller as the the user 
approaches and retreats; their porspeclice , liaugos with the angle from which 
the) 1 are viewed. As a result, the third dimension is reconstituted in what the 
user sees, just as movometiL is reconstiluled by showing a series of still images 




more to the appearance ol an ob|ccl thar. .:s shape: there is the texture of its 
surface, and the position and naLure ol the light illuminating il (there is no 
sunshine inside a mathematical model). Bui Sutherland was not all that 
concerned with prai ii. a I limilalions. He had established [he principle that any 
shape that could he des, itbe.l m.c.ai main all'.' could e\ist in this computer- 
generated space, and that a head-mounted display of the sort he proposed 
provided a chance lo peer into Ihis space and inspect whatever was within it. 

With the 'ultimate display ', the objects in compuicr-genor.itcd space would not 
jusl be visible; [hev would he tangible, lieing m.itheniati. ,il. physical laws can be 



applied to reproduce qualities like mass just .is geometrical lines reproduce size 

and shape. Using Hie ultimate display, such '(nhysii al' obje, ts could be picked 
up, dropped, thrown, mn moulded. The force actuators in a Link-like joystick 
could, Sutherland imagined, be used lo simulate the sensation of 'pushing' an 
object seen through the head set, the effort required being proportional Lo the 
object's -weight'. 

imagination of an_\ paiiu uler ,11111101-, but by the hnvs of mathematics. One could 
nr.:; 1 1 :n ■ Ih.r. .1 .li -nii'.HH i m i.'',li: i.si ■ .1 ; . mi pu ;i :-a ■■; 1I1 si : 'n pi ogram tn create ,1 
series of objects lor ins pi ■• lion Lisin; 1 .1 :i. ..J ni" jii li lI display, and attribute Lhe 
design of those shapes lo the designer, but what is important about them from 
Sutherland's point of view is that they are mathematical objects - this is why 
they have the strange form of independent existence revealed by his ultimate 
display. The helmet n vi,;is llieii . 1 :-m pl'ii ■ shap>\ lhe kinesthetic display - their 
physical characteristics — ili.iirs become 'good enough 10 sit in', bullets real 
enough to kill. There ran be no 'author' oi such objects in the same sense that 
there is an author oi a book (though, as wo shall see, even the literary author, 
according to some French theorists. 110 longer exists). The\ partake in a iien- 
mode of existence, a mode that is not actual nor yet imaginary — the mode that 
has been called virtual. 
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VIRTUALITY 



'IBM launched a prod not/ concept called "virtual memorv" way back in the 70s 
H i 111 pailoramn .nk show in i; llli' silhouette (if .1 i LLv sk\ line IV i 111 I hi' i apt km ''a 

Ferranti in 1991. 'Tills irritated me because 11 years previously Ferranti had 
brought out the same idea i>f swapping pages ol memory out of store and disk 
and hail vailed it "paging."' 1 If it was mv choice, I know which word I would 
prefer. 'Paging' is wild I bellboys do in hotel lovers. 'Virtual' was and remains a 
much grander word, scandalously underused, .1 huge vessel of semantic vacuity 
i\ , 1 iti 111; to ha\o iiieaniii)', poll red into it. Computing lias provided some o[ that 
meaning, initially a quite modest mcming, but increasingly a cargo worthy of 

IBM introduced 'virtual memory' with two new mainframe computers, the 
370/158 and 370/168 systems, introduced in August 1972. By the stage of their 
launch, IBM had established itseli as the dominant supplier of llie world's 
computing power. The 360 rani'.e of machines, introduced in 1964, had become a 
symbol of American corporatism, the foundation of 1 onlrali?ed, mechanized, 
depersonalized mulliualioa.il • ouipaiiies and stale utilities, the purveyors of 
payrolls and bilk. The '360' designation was, according to evidence submitted to 




nature - which, at least in terms of global market penetration, it certainly 
achieved. 2 The 370 range would, bv the same loyic, surest an all-encompassing 
ambition beyond even 1KM. In a sense, however, 'virtual memory' was designed 
to perform just such a trick. The idea, as the disgruntled Ferranti salesman 
Suggested, Was not new; it had been explored as a method of overcoming one of 

Thi ■ h oil si I'.i i 1 1 1 ii'i is iti 1 'itio r \ . \leiri,'i \ ' is i In - rjlh, 1 !- j'jand. p..'ili,i ps niislr.iiluij'.b 
anthropomorphic, term for the technology used to store information for 
1 ompulor priHcssiug. There are In 11 sorts ol memorv, sometimes simpb known 
as fast and slow. Fast memory is the sort accessed by the computer's processor, 



Ihe electronics that perform the computations, directly. Slow memory is for 
keeping information that is not needed immediate!) and lor which there is not 
enough room in last memory ■ fast mnmirv lends lo be electronic, once an array 
of magnetic 'cores' (some diehard computer users still rail it 'core memory'), 
now a tiny silk on > hip. Slow memory lends to he electro median h . lakim; the 




room in fast memory lhan was actually provided hy the computer's physical 
memory circuits. The system would '.je'ii muki- up Ihr dilleronce hy invisihfy 
swapping segments or 'pages' (hence the alternative term 'paging') of 
information from slow into fast memory as and when they are needed. It is a 



there will be unantk i pa led requests for slower-nun ing goods not usually stored 

on I he shop's shelves, Ion ing I he shop keeper either lo disappoint the customer 
or rummage around in the sun kroom. Similarly a program running in virtual 
memory will occasionally hi' t aught by an unexpected request for some 
information that has not been moved into last memory, forcing a delay in the 
system while the program attempts to collect the appropriate page of 
information from disk. But at least such a system means the shopkeeper can sell 
more goods than will physically til on lire shop's shelves, and the computer 
program can manipul.ih more inlr,rir.uli"ti Ih.in will lit mlo Ihe system's fast 
memory. The term 'vuliial rli'vcrlv ruplurcd the sl.iUi- "I paged memory. The 
fact that virtual memorv is not reel memory is ,1 mere lochmcalilv; from the 
point of view of Ihe eompuler and its user, virtual memorv is just as real as 
actual memory. Il is a simulation of a phvsn ,il system that is perfect in every 
detail, except thai it might be slower than 'real' memory. 

'Virtual' has a respcclahlc pedigree as a lechnieal term, going right hack to the 
origins of modem science. It was used in optus at the beginning of the 
eighteenth century to deseribe the refracted or roller led image of an object. By 
the beginning of (he nineteenth renter,, ph\ sicists were writing of a particle's 
'virtual velocity' and 'virtual moment'. The word is still used in physics lo 
describe the exotic behaviour o( suhalomie particles that appear so fleetingly 



claims of virtual realists to have tin' power tu t reat.' their own worlds. And il is 
appropriate, that the word should resonate with .1 eertain amount of divine 
significance, because the com put in g concepi of 'virtual' is much more than a 
matter of mere technology, [t means something thai goes to the scientific heart 
of reality. 

Every computer is virtual, each one a shadow of one machine, a machine 

scientific basis of knowledge was simultaneously heme, constructed and 
destroyed. Turing's paper was part oi this pun ess. helping to reinforce 
hreaklh roughs thai had left much broken. 

needed no underpinning when, at the beginning of the nineteenth century, the 
French mathematician Pierre Laplace proclaimed that, given adequate 
knowledge about the state of 'all the forces bv which nature is animated and the 

vast to submit these data to analysis — il would embrace in the same formula 

e\ es'. ; Poor old Pierre has sini e had to take the rap tor e\i essiie si ieutifii hubris 
— 'Lapla.ian', it is .ailed. No one now belie\es, of course, that such a perfect 
knowledge of the universe would be possible. His limine, could have been 
bellet, loo. At around the same lime he was proclaiming that the scientific 
theorists could pack up and leave the job to the measurers and quantifiers, Carl 
Friedrich Gauss, a mathematician ranked by some alongside Archimedes and 
Newton, 5 published his D^iuhihons. which demonstrated a method for 
constructing shapes that .otikl net be desi nbed asm;', huJid's geometry, the 
first sign thai . kis'.ual and i nidi -puled law- slieU hui) 1 , ha. k In I he third cetitui\ 
BC might not be the end of tire matter. 

By the beginning of the twentieth century, mathematics had changed out of all 

counting physical phenomena. It had become an apparently self-contained 
system for manipulating its own symbols, one that operated quite separately 
from the real world. As Andrew Hodges, a malhemati. ian ami biographer of 
Alan Turing, put if: 'A rule such as "a + y = y + could be regarded as a rule for 
a game, as in chess, stating how the symbols could be moved around and 



combined legitimately. The rule might possibly be iiili-rprrtai in terms of 
numbers, but it would nol be necessarj nor Indeed always appropriate to do 

Peeling aw.n lti.ilheni.ilics irom physical re.ilitv w.is libera I nig on the one li.mil 
- it meant that il was no longer the servant of science but the master of itself - 
but robbed it tit the «mi' lime ol its authority. If il was no longer a means of 
describing plusk.il real ill . ivli.it was it I'dr? VVIi.it tin III did it tell? 



Our language betrays an uncomplicated attitude to space. Space is two- 
diilleie.Uiil.il: we have revolutions, go round in i in les, gel straight to the point, 
square up. The must sophisticated geometric shape to make il into everyday 
language is, thanks to thr US mi!it : ii • . 111.- pentagon. Spheres of influence are 
rare examples of a I ingu istk acknowledgement ul the third dimension. In 
mathematics, however, space is treated \ , ery differently. Physical space is 
merely one three-dimensional (four, if vnu count lime) version of it. 
Mathematical space is more like a ;',iaoh. but ., uiuIIilI imeiisional one in which 
there are as manv axi s as there .lie piopcilics I., be ph 'tied. '■. h.'ss, for example, 
can be thought of as the universe of all lea a I chess moves, and a particular game 
a path through that space. 

It was David Hilbert who formalized this concept of abstract space. In the 
process, as though almost by acc ident, he provided a means of explaining the 
verv unreal phenomena displaced be nei. lv discovered subatomic particles 
such as electrons. Sm h partii les behave verv strangely, ai least as mapped in 
physical space. But, the Hungarian-American mathematician John von 
Neumann, Ihe man credited with developing the bask design principles of all 

behaved resulted from putting them, so io speak, in Hilbert space. It was as 
though thev belonged more comfortable tbei i ■ Ih.ei die. did in phvsical spai >'■ 

Von Xeinuaiiii's discover, was .111 astonishing 1 iiulii alien ol the power ol 
abstract mathematics. Il seemed to demonstrate thai abstract mathematics 

Mathematicians in Paris. Equal to tire moment and location, Hilberi challenged 
his peers to solve the oil island in;', pn :n]ems in mathematics — indeed, being the 
mathematician he was, he even enumerated them, counting 23 in all. The second 



of these Ivas conieriiod v\ 111 basis i>l mathematics itself. Till' Italian logician 
Guiseppe I'eano had worked out what he saw as the foundations of 
mathematics by formulating them as .1 series nl laws or 'axioms' based 011 logic. 
I lilbert asked how anvnne .mil J ho sun' tli.it such axioms did not produce an 
intoiisisloiicy. They had failed to reveal one so far - mathematics was 
apparently 'clean' - hut there was mi prouf, no (guarantee thai Ihere might not 
bo Some inconsistency wlii, h might he operating hidden in the background, Ot 
which might emergi ■ in I he lata ie as mathematics Ixs aine vol mote complex. 

The importance of this problem lay not only in its coniorn for 1 onsistoney. It 
also raised the isstie of the nature of mathematics itself. Was it 'axiomatic'? In 
other words, are there a set of bask principles from which all mathematics is 
derived 1 And if so. when- do Ihose principles .ome Mom'' Al the turn of the 
1 er.luiv. an- :n'' posed an-nvei I" the las: ceesl.. :r. was Ik.; i tin ■ pnii. iplis . ,11m ■ 



knowledge and reason in;',. Il established, I'm- example, that statements of tin' 
form "if p and 4 then 4' (as in 'if il is true In sav lh.it il is hoi and sumiv, then it is 
till. 1 lo sav I hat 1 1 is stin nv') an ■ alwavs true. I :ke ir..cai: 111a lies, h .gic is abstracl 
ami uses symbols. The idea ol using il 1o pro\ ide the basis ol mathematics was 

to ai hieve lliis, in the hope of thereby creating a complete, 1 

pure knowledge. 

The aim of making mathematics 'pure', purging il of the 1. 

physical reality, intensified in the churning wake of the Fust World Wax, In the 

Bourbaki, a name of obsture origins, perhaps in pari a Wat k joke about the 
French general Charles Bourbaki who led a disastrous campaign in the Franco- 
Prussian War that resulted in die death of 10,000 men. Among the club's 
founding membership were some important names of twentieth- con I ur- 
inal hematics, including one S/olem Mandelbrojl who, as we shall lalor see, also 
h.ici •lose lies with .1 math 1 111 .il 11 1. in v.h. ■ on 'hahlv n oiesetit-i I lie polar nppnsili ■ 
ol Hourbakist purity. 

M. aim. in g Ihe kiss til a general 1011 of mathematicians killed bv the war, 
impatient with the older professors who were left lo instruct thorn, thy 
IknirbaLists de. ided lo embark 011 a project to produce a definitive text of 



mathematical knowledge, the i'lrwi'iit* it,- \!,it:!n:i'.iiiim,v, that would survive any 
future cataclysm. The}' no longer wan tod thoir beloved subject to rely for its 
record on the frailty of human memory. They wanted to provide an 
indestructible account of malhem.ilicil knowledge rel\ ing on dhstract principles 

The same motives underlay Hilbert's restatement at the 1928 International 
algorithm loi osnibl idling u In 'the r or not II is true. 

Hilberl only made such demands because he confidently expected thai they 
could be met. "There is no such thing as an unsolvable prohlem." Unfortunately, 
fate yielded to the temptation. Just three years later, the Czech-bom 
mathematician Kurt Godel published a paper entitled 'On formally midecidable 

at least most of it: by 'related systems', Godel meant all those that Hilbert was 
calling upon his cohesion's to develop, indeed anv svslem that attempted to 
fulfil Hilberl's criterion of completeness. 

Codel's method for puncturing Hilbert's optimism was itself a brilliant exercise 

axiomatic system — the sort of system tli.it vv.is supposed to give mathematics 
its power over truth and falsehood — would not lie able In prove or disprove 
every slalemenl it could express. As u lesl case, he began by examining ways of 
formulating the axioms of arithmetic as a sel of numbers, so the axioms 




false if proved true, and tine il proved lalse. I his discoverv destroved at a 
stroke all hopes ol .rcaling a sell sustain ing mLilhcmalk al svslem. Godel had 
shown that, to establish the 'truth' »l such a svslem, there had, at some point, to 
bean appeal to an outside aulhi'iit\ . hunnin. divine, whatever. 



In 1928, Bertram! Russell wrote; 'Machines are worshipped because they are 
beautiful, and valued because Ihov confer power; thev are haled because they 
are liideous, and loathed because thev impose slavery. 11 In 1936, Charlie 



Chaplin's Modern 'I'iimv w-as released. It was film lh.it captured the ambiguous 
attitude to Iho 'machine age' »f the prewar \eurs, .in attitude that has persisted 
well into the latter part of the century. Chaplin holh submitted to technology - it 
was his first talkie - and attacked its deriumam-.ing influence. That same year 
saw the publication of 'On computable numbers'. In it, Turing disposed of the 
last of Hilhert's original i rileriou fur establishing the wi I i d i I • of a malheuiatii a I 

system, that of decidability. 

marks on the strip and a scanner for reading marks off it. The machine could 
perform what sounded Ilk' 1 .[UjIi ■ s; iphiMi.aled I nil. lioiv-. such as recognizing 
particular patterns i :l m..;rks. ,inil l"i kir.r. up the p.; Item in .1 'table of behaviour' 
to see what it should do next. In fact, the actual mechanisms needed to perform 

would not be necessary even to use electronics. A full}' operational Turing 
machine, were one to be built based on the design specification outlined in his 
original paper, would he of the same order of i.omplexih as a typewriter or a 
chiming clock. 

The 'table of behaviour', rather than the particular design of an}' components, 

adding machine. Similarly, it could he turned into a machine that performed 
any of the basic operations ot arithmcti, . It followed, therefore, that there was a 
table, or set of tables, that i oil Id he drawn up to call ulale any number that was 
calculable or, in Turing's chosen ferminologv, 'com put able'. This table would 

mechanical, 'algorithmic' procedure drat would eventually yield a result. It was 
this hypodietical machine that enabled Turing to show that not all numbers 
could be computed, whkh 111 turn meant Hitherl's last criterion could not be 
met: there was no definite method thai could solve every mathematical 
problem. 

Strangely, even though Hilbert's project had been well and truly destroyed, and 
the work of logicians like Bertrand Russell had been abandoned, the underlying 
faith in the foundations ol maihematii s, the idea that it was somehow a pure 
expression of truth, persisted. Il was more than just a 'game 1 , because it 
submitted itself to the judgement of the mnsl fundamental principles logic. 
I .ddcl and Taring based the 1 alidifN ol llieir arguments oil logiial prim iples: 
the\ had shown 11 1> 1 on trad 11 lions, and logii does not allow si 11 h things. 



I .lid wig Wittgenstein, the Cambridge philosopher whoso ideas were as wild as 
his eyes, was not impressed hy this reliance on the tenets of a formal logic 
system. Three years after the publication ol 'On computable numbers', Turing 
attended a series of lectures given by Wittgenstein on the philosophy of 
mathematics, in ivlikh Ihe lalier set about undermining Turing's faith in the 
necossitl to Jiw out 'hidden con trad h t ions'. Hilborl had said: 'Mo one is going 
to turn US Out of the paradise which ('alitor has created', the paradise of 
mathematical ptinlv. Wittgenstein responded: 'I wuuldn I dream of trying to 
drive anyone out of this paradise. I would do something quite different; I would 
trv to show vou that it is not a paradise.' 9 

Turing, however, was convinced he was in Eden, which was why his 
mathematics had to remain tin. on lamina ted I rom even the possibility of 
contradiction. Wittgenstein, on the other hand, wondered what damage 




applying the calculus, because it would simply fail to work. It would not 
produce a Wrong result, it would not prodm e am result at all. The tWO kept up 
this ding-dong debate until Turing iinalk stopped allending. The fact that the 
issues they argued over were never resolved or even, one could argue, clearly 
defined — was a s\ mptoni of a grovi iug inipalioin o iv i 111 the need to i ousidor 
the foundations or philosophy of malhomalii s. The debate seemed tlO longer to 
matter, and if dropped from the mathematical agenda. Only in the l°90s was it 

emergence of virtual real it;'. 

In i939, it was the world that mattered, not paradise. Taring's ideas were 
revealing lllemseb es to have \ er\ piai tiial signifii anio. The idea of Ihe l uring 
machine's uibk's "I ml.:i a an suggested [hat then- was .1 war 0! tnrm.illv 
describing any machine lh.it could poikum ,uiv l omptilalion: in other words, 
every computer is, in the end, a [ tiring 'table of behaviour', ['his both put formal 
limits on what could he 1 [.imputed (there will never In' the invention of some 
supercomputer that can compute the un. 'imputable) and, on Ihe positive side, 
slumed that it Has possible 1o 1 oiislrin t a machine to |>erlorm am corn piit.il ion. 

The discovery th.it there could he a .nmpnh't thai could compute any 
computable number does not sound like the most shattering intellectual 
advance. But that is bemuse we have got used to Ihe idea of the computer. In 
1936, it meant a person, follou ing Turing''- insight, it meant a machine: he had 
proved, in other viords, Ihal it was possible lo me. Ii.miy.e what had pre\ iousk 
only been possible by means of mental effort. The machine had crossed a Critical 



harrier. Reform, machines had Liken over the body, now they threatened to take 
over the mind. 

vVh.il. th-. 'Ui'.li. i.l id t h : ■- in ; i . h : n . pnulji i ■.' \ nlhin;', ol m.ileii.c sii'inl icam r; |usl 
numbers. What use was a m a n bine that just produLcJ numbers? Obvioush', it 
could be used to perform iah ulaiions. Hui the development of calculating 
machines had no need of Turing's theoretical designs. All the mechanisms 




unlikely to change the course of technological history. Turing's insight, 
In 'vi ■ i. i.l i i.l nun hi m; 'I' ■ I liar, i.r-l eslahl ish i In- I mills ol mo hanical calculation. 



It introduced the idea of the universal machine, a machine that can be lots of 
different machines; in fact, a machine that is capable of heing any machine 

The idea of an abstract, immaterial machine is a difficult one, as paradoxical 
now as it must have seemed when it was lirsf mtrodiu rd. A mechanism needs 
moving parts, cogs and wheels, components, in order to work. So, it was 
perhaps lllisii|-pii-ir.: , i ll'.al i.i'.'-ll p. is. -- 1 -| .. 1 1 i i '111 pi. U ' I- '.■..■ii- [I:-; .1111 1 ■,Ui. i d I" 

the shops, no one could quite work out what they would do. Writers, for 

their typewriter. They did not want a computer, even one that would run a 
word processing software package. So, to ease the confusion, a number of 
manufacturers starled marketing lompulers as liijyh tech typewriters called 

and could, like other personal , omputers. ran other software turning them into 
different sorts of machines: machines for compiling and maintaining business 
accounts, for example. Snch confusion was not the result of a lack of computer 
'literacy'. No amount of IT training and hands-on experience can help. It was the 
result of what the philosopher i .ilheii Ki le l ailed ,1 \ .lle^orv mistake', a mixing 
up of things belong in;', to un ompalihle logical uite)',ories, like saying 'the 
mmcrse is bigger lli.iu ilie number three'. 

Categor)' mistakes, though basic, are eas)' to make. A visitor to Oxford who, 
having been shown all the college buildings, ,isks where the university is, has 
made one. Ryle's aim in identifying Miis soi l of mistake was, as we shah see, to 
exorcise what he famously described as the dogma of ilie ghost in the machine'. 
He wauled to show lli.it file i ornept of 'mind" liad the same , on I used relation In 
Ike bod_\ as the \ isitor's concept of 'university' had to the buildings he visited. 



— could be described as just su. h a category mistake. For practical purposes, it 
is a mistake thai l ,ni he patched over, beta use ,im i inn eptual problems it might 
produce tan be sidestepped In udopl ini; I In 1 ili.slinclion between hardware and 
software. Hardware is the physical ohjecL, we are told, and -software the list of 
i I'll 1 1 n,i ii ds I III Ii-II il ivhal Lr > do. Hardware deLeiu linos lortain cllara. Lorislics, 
like speed, while software determines others, like function. 

But I lie hardware/ software distill, tion does mil in ork all I hat well when applied 
with any theoretical rigour. A Turing machine, lor example, ran be simulated on 
another computer using' software. But il can also be built (quite easily: all sou 
need is some tape, a little circuitry and a couple n( lamps) in hardware. And 
there is no different e helwrrn vh.il th; 1 snl tw.i n- ,eid the hardware versions can 
do. Ihrv icil] :n ■ I tint UonaLv idenik al. 1\ either would v.'iv i l k\ tin ■ 
computers, but computers thev would nevertheless both he. 

that word 'virtual'. A computer is a 'virtual' machine - a virtual Turing 
machine, to be precise. It is an ahMmi I onlilv or process that litis found physical 
expression, th.it has been 'roali/.oci 1 . It is a simulation, only not necessarily a 
■-.mil.. .11":] "I .in 'Ik in", .]■ Il.iI. 

Using a computer gives some experience of what 'virtual' really means. Personal 
computer users generally become comfortable with the idea of the system being 
at once a word processor, a lalculalor, a drawing pad, a reference library, a 
spelling checker. If thfv palled their s\slem aparl, or the disks that contain the 
software, they would find no sign of any of these things, any more than the 
dismembermeii i of an IBM 17(1 would reveal all thai extra memory provided by 
the virtual memory system. They are puiel) abstract entities, in being 
independent of any particular physical embodiment, but real nonetheless. 
'Virtual', then, is a mode of simulated <'\isleiSie resulting from mmputalion. 

Home readers ma; 1 have noticed that in my attempts to reach down to the 
conceptual principles of computing, the one idea that remains unexamined is 
that of 'information'. Since computing is sometimes called 'information 

Specifically, Claude Shannon's and Warren Weaver's 1949 book The Malhan- 
tttical Theory of Co»imiun<::<!ic-i:* is cited. In developing his communications 
theory, Shannon used the concept of information to mean any communicated 
message, regardless of its meaning. This was an important insight, because it 



meant lli.it it was possible Id Limine the prdblems nl cdnmiuiiiculiilj' a 
in,",-.,!;;!', dl disluii'.uisluiiii 'sii'iial' Itlii' iirii'.iii.il message) Mom 'noise' 

(interference!, without resorting io semiinths — whai the sender of the message 
meant, and what the receiver of Ihe miMp' understood by it. 

In Mmii Tools, a bonk aboul the 'mathematics of information', Rudy Rueker 
wrote: 'the concept ol inlormulion currentlv resists ,ui\ reallv precise definition. 

17th century scientists reijardin); ™iti;v. We know there is an important 
concept here, a concent with many man ili 'stations, hut we do not yet know how 
to talk about it in exacilv the right wav'. 111 '['here is another possible explanation. 
Widened out by Shannon's definition, the word is i onimumcaliiip, less and less 
— we have lost the signal. 

an information 'age 1 . In die first, we seem (this is just a rough guess) to be 

cannot deal with the amount of information from TV and newspapers, in the 
third the result el luilin;', in heed our uiiormalldH ,in\ielv. :n the leiirlh. the 
observation that people Lilk about 'information' a hit tin -si - days. Money, phone 
calls, an architectural model, the -mill "I rose petals ni. hlatrwav to heaven' by 
Led /eppelin, I )N A .mil tin' hj'Jil dl .1 ilisl.inl sl.ir .ire .ill inlorm.il inn. VVli.it does 

iiilonii.iliou will not yield to definition bei.iuse its meaning has lieiome so 
indefinite. 'Information ', wrote Theodore Kos/rfk," 'has taken on the quality of 
that impalpable, invisible, but plaudit-winnine, silk from which the emperor's 
ethereal i',owii was supposedly s|'nn.' I d'ik. and \ dn 1 iii J nolhiriji Lhere. 

'computable'. We have lo understand that a computer is a machine that 
performs a very precise function — malhem.ilii nl computation. It can do no 
more. But that is a e.reat deal, because then 1 seems to be an underlying 
mathematical structure to cvervlhin; 1 , thai has been sin . essfullv analysed bv 
science. 'Philosophy is written in thai ['.real hook whii h ever lies before our eyes, 
I mean the universe,' wrote Galileo in 1623, Ijut we cannot understand it if we 
do not first learn the language and grasp the symbols in which it is written. This 
hook is written in llie rii.itlieiiinlii nl Linguae,!', and the smiliols are triangles, 
circles, and other j'.eometrie.il figures, without whose help it is humanly 
impossible to comprehend a single word of it.' -' This lunguuj',e is more than just 
inform.] Lion. It lias the important a nil anii|iie qualili dl lieini; ^imputable; it 1 .in 
be written by a machine. Maybe the universe is not a book so much as a 



i m ii (in [cr. e\ci\ thing 1 1 1.1 1 exists ivilliin il l!ii' jinnlml (if Mime .ili'.iuilliiii. ]f so, 
lliis would mean llial Turing's uimersal lii.ichiiic would Iruk lie mii\ ersal: 
given the right table of behaviour, and sufficient lime, il could reproduce an 
entire virtual universe, Never mind flight si mu Liters; how about world 
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COMPUT ABILITY 



'Lacking a good French name for its devices,' wrote Ilhiel de Sola Pool, 'IBM 
turned to Prof. J. Ferret of the Sorhonne. wlm snjyysii'd the name "or Amateur ". 
That was a theological word which had fallen into desuetude for six centuries. 
"Cod was the great ordinataa of the world; that is to say the one who made it 
orderly and according to plan."' Did lie? Him i ould ihc professor bp so sure? 

The orderliness nl Ihc nun irer is a slru]ie,e pheiiunieuen, bill one lli.il has unlil 
now boon a matter of purely philosophical debate. Why is it that the universe 
displays any order? Is il pureh tor humanity's convenience? Do we impose 
order upon the universe'* Thanks lo Ihe . 'ru. |-, sin h i|Lieslions are no longer 



[ shall caU then 



Feyerabend, a self-styled inlelle, lual anarchist (or 'dadaist', as he later preferred 
to call himself). Neverlheless, we shall, lei the moment, blinker ourselves from 
the implications oi' sin h arguments, ane! look at ihe origins el scientific progress 
as it might be related in .V,r(m-ii! [Von,lir> y.tvnj C.luhi <lt:vtlii Know, the book that 
Alan Turing had been given when he was 111 and whieh he told his mother 
opened his eyes lo siienee. 1 In Lllis amount, seieme l»ei',ail with two geniuses, 
Galileo and Isaac Newton. 

(.allien famously fell out with the Roman Calliolk ellurell lor eiidorsuii; the 
Copemican view of the universe, ivhieh put the sun, ralher than the earth, at the 
centre of the universe'. It was this . onlroiitalion Ihai asserled Ihe independence 



of secular knowledge, truths huilt on the rock of experimentation and 
observation rather than the church. (*ililiH> had, with his determined manner 
and his probing telescope, developed ,m approach to truth that has since 
become perhaps tin' must successful aspect of scientific practice: the insistence 
that only questions that can be answered should be asked. If was this approach 
that wrenched science from the > In Idles <>l phi lose . It ivas liberated from the 
imponderables. This is, of course, something of a caricature. Philosophers are 

travellers, people who get more pleasure from travelling than arriving. 
Scientists, in contrast, see argument as simply a way of getting from A to QED. 

The important lesson lli.it ;-\ - \ \ ■ h.d -ihi >ukl lako I rom tins is that scion, o i- n.il. 
as we suppose it to hi-, do: mod bv lis sub|ei t mat"a r. II is a method, an approach, 
a tightly specified, rule-go vemed procedure - though a procedure that some 
argue does not have the monopoly on knowledge it claims for itself. Galileo is 

principle of objective observation and loosening it from the principle of faith. 

Newton's contribution was to show how as|onishin;',]v productive this method 
could be. In a wav. ho did tor If.' ■ d\ na mi' - ■. 'i ihi ■ phvs:, a I universe what Euclid 
bad done fur its shape. He came up with a sot ol general principles or laws 

though they could never precisely predict the individual behaviour of real 
bodies, they could provide useful appruxiuiatiuus for lots of different kinds of 
bodies, from falling apples lo planels. hurlhormoi o. Newton expressed these 
principles in a form Lhal meaiil Ihov lould be applied malhemaLicallv. His 
second law of motion, (or example, reads: 'A change in motion is proportional to 
the motive force impressed and takes place in the [same] direction of the 
straight line along which the force is impressed.' The concepts in this law - 
change, proportion, direction — are ones that can be formulated as 
mathematical relations and values, which moans, for example, that it can be 
used to compute the movement of the planets. 

Being so well acquainted with the idea of laws of nature, we can have 
difficulties appreciating what a stroke of luck or genius their formulation has 
boon. There is no reason win we should assume thai Ihe ,omplc\itv of 
experience has any order lo il at all. Why should I ho movement of a planet have 
anything tu do wilh tlie fall ol an apple' Who should the force of gravity apply 
to both, in a way that can be worked out using the simplest of nialhonlalical 

formulae? 



A i on temporary of Kcivton's. the soldier and m.iii oi letters Charles Hoyle, Ihe 
Earl of Orrery, had a mechanism named after him thai reproduced the 
movement of the planets around the sun h\ means (if . lock work. The oner)', 
which must have been as dilfii nil lo engineer as il is lo pronounce, is now a 
highly collectable antique scientific instrument, though probably because it 
usually has such l ine brass fretwork rafller than because it embodied the change 

in world view that Newton's laws so precisely formulated. An orrery is an 

characteristics, net Ir.isi the stiLiiii'.e movcmcnls "I seine •■! Ihe planets as seen 
from earth, Ihe phenomenon thai led to Ihe Copernican revolution. 

Orreries are not particularly accurate, nor were they intended to be. The;' 

will of god, but according to certain theoretical principles. Furthermore, diese 
principles are irol jusl approximate guides, rules ^ ■ J thumb; thev are the 
iwrniuifl principles. 

Demanding so much of the laws of nature — that they, in the words of Stephen 
Hawking speculating on the discover) ol one single underlying principle, can 
lead us to 'know the mind of God' — may seem foolhardy, even arrogant, but it 
is accessary lo Ihe whole < oili oplioil of S( ieillifi. reality. Kalure ivi fluid ils law s 
in on Id he trull iiuoni|irelieiisil>le. b\er\ phenomenon . on Id only he explained 
by describing it in complete detail. H would he like Irving to teach chess by 
going through evorv single possible move. 01 Irv ine, hi tiiKlersLand a language 
by learning every possible sentence il can express. 

What, though, if there were no laws? What material difference would it make? 
Arguably, not a great de.il, al least not until this century. Technology lias not 
always been as closely eon filed to science as is sometimes assumed. Much of it 
— Victorian engineerm; 1 .. lor example — is hascd on an independent body of 
kih ■ and ex pern 1 n l i. 1 1 the in ens: i lal lev; ileUon Hindi I ha\ :■ "'en hcen possible 
without there first being a sl ientifii one. Nevertheless, the fact that technology is 

Perhaps even more remarkable than this order is the fact that it seems to be 
mathematical. As nofed earlier. ; laliieo regarded file heck of the universe as a 
text written in the language el mathematics. This is what made Newton's laws 



more than mere observations and genera I i/atitms. They could compute the 
motion of bodies; Llicy pr.' L Liilf L l [hi' future. 



pnncil Itsi'll i . 1 1 'It ■ ill i opiiw, Willi .11 n [ 1 1 d 1 1 ; si ienlisls tare tn llirow ,il il. Then' 
is mi satisfactory reason for III is; il simph works. Anil il is .in article of s. ni.liri, 

faith that it will continue to do so. 

It is this faith that inspires ihe claim thai the universe is <i i (imputation. To some 
extent, this is nothing mini' lh.ni .in example nl .in opportunistic metaphor. The 
idea of the universe bein;> a machine }>oes back at least to the invention of the 
orrery, and each age simply compares the universe with the latest type of 

as-comp illation is more than jusl a metaphor. II" the laws of physics are 
mathematical, perhaps they are computable. Perhaps everything is in some 
mathematical relation to everything else. Since the universal Turing machine is 
i.ipablc el p. ili.'iir.iii;', anv ai ithnii ■!]. al . i imputation. Lh e ii a lurin; 1 . machine 
could, in principle, 'run' the universe . Put another iv.in . perhaps the universe is 
really, not metaphorically, a Turing machine, a pattern of perpetual 

Thought about in detail. Ihr- idea is dill icnll to visualize. ;\ Turing machine is 
easily imagined as a sort oi tvpi write i or tape-ivi nrdei, villi a strip of tape — 
albeit infinite — shil'linj' this way and thai as s\ mbols are read and Written. But 
the universe as a Turin j; machine' Where is Ihe tape' VVhal form does the table 
of behaviour take — is il contained in the laws of physics? One way of 
visualizing the universe as a computer is lo use another dominant metaphor of 
our times — one that we seem to lie drawn towards time and lime again — that 
of the game. Usini 1 , llns melaph. >r. vou imagine a niui h simplified universe, in 
fad one that is like a i hess board, a simple, two dimensional «rid. Each square 
in this £rid is a 'cell' thai tan have different types of pieces in it. Tire rules of Ihe 
game govern whai happens to ihr pieces. There are several weaknesses in this 
metaphorical universe e.amo. hi b.'i'.in viih, il is not a • ompetiiive game: there 
are no winners or losers. Second, it is not 'played' by anyone (except God, if you 
like]. Third, there is no choice in (he moves; the next move is determined by the 
former. However, the universe game does, as we shall see, have its metaphorical 
strengths, too. 



Let us propose a simple set of rules by which a game can In- played. These rules 
govern what happens to each square on [he board. If any one square has two 
surrounding squares occupied by a piece {there is only one type of piete), it 
stays as it is, whether it is occupied by a piece or not. If, however, it has three 
of i-u pied neighbours, a pieee is placed in that square if there is not already one 
there. If it has more than three or less tlhin U\ o ui i u pied iiei;;liboiirin;; squares, 
then the piete is removed, unless it is already empty. These three simple rules 




programme. 

The game is 'plaved' hv loekni; 1 . a: each squaii- .1:1 .1 -.1 vim', what should happen 

its laws are mathematical, there is no need to make the moves yourself. They 
1 tin hi' performed by a computer. 

When placed ai speed 011 .1 lompnler, si rimy, e phenomena si, ill lo appear 011 the 
game's tioard 1 (which, in the computed case, lakes the form of dots, 
representing II le pieies, appearing anil disappearing 011 Hie -1 mil. representing 
the board). Willi a sul l'ii ienl numlier ol judk iiiush s, altered pieces 011 the hoard 
to Start with, patterns quite unexpected^ start to appear: patterns like little 
groups of pieces — known by Ihe game's enthusiasts as "gliders' — that 
apparently 'fly' across Ihe hoard. These gliders are not, of course, composed of 
the same piefes from one move lo llle next, just as an edch lhat ripples around a 
rock in a stream is not composed ••! the same water tmm one moment to tire 
in h ; ut .1 is .111 k;i ■nt.i labli ■ "il.Ii ■!■ vl p.'.la in that -1 ■■■ms t; : |, .nr. spontaneously 
out of Ihe random spray of pieces. 

In his book The Recursive Unieo-se, 2 William Poundstone explained how this 
simple game could produce the most complex pallems, patterns thai spit out 
gliders ('glider guns'), that form 'flotillas', lhat consume other patterns. There is 

lomputer, with gliders ailing as individual 'bits' of data lhat combine and 
collide with different pallerns lo reproduce basic arithmetical operations. 

Perhaps, though, the mosi exciting p.itiem thai could emerge from such a game 
is one called a 'universal constructor', that is a pattern that can reproduce any 



other pallern, including ils on n pattern: it would, in other words, self- 
reproduce. The idea of the universal inBiiuiiur was first developed by ]ohn 
von Neumann. The choice of term intentionally e, hood Turing's idea of the 
universal computer. Von Neumann was responding; to the growing postwar 
interest in automated mauukk Luring. Is [here a ma, hine, lie wondered, Lapahlo 
ol produ, ing am oLIier met km ism or niaiuilai tared product' Implii it in [Ins 

question is a rather deeper and more puzzling one: is there a machine that can 

through a lake of spare parts, assembling [lie com pollen Ls it needs as it goes 
along. However, .it tin' suggestion "I st.in i.l.int. .1 colleague at Los Alamos 
(where thev had both worked en the development oi the atomic bomb), von 
Neumann began lo .ippioa.h [lie pioblem aleng mom Uinnal, abstract lines 
using what were railed '1 elhilar automata'. Those created the same sort of game 
tin- on i- di -si rihi-d jlnnr thougn, in ion Neumann's 1 as,', rising nwin mini' 
l\ pi ■-. ol pi.'i h s and 111 ui n mo i' ■ c. ini;i|' a i i! 1 1 's. 

Using this technique, vi 111 Ni -11111,11111 was able-, like Till ing, In e,\amine the notion 
ol sell-reproducing mn.hinos hv spocilving .1 hvpotln [i.ak abstract one. The 
result was proof that, using the given rules and ivpes ol pieces, there was a 
machine, or rather a pattern, [hat roiild reprodut e any oilier pa Hem, including a 

be achieved using [he simple one-piece, three-rule cellular automata game 
described above. This demonstrated that all the universal constructor's 

1 empk'Mk, 10 aid ii sn.l from the .ipplli atiiMl ol" the -amplest rules. 

imaginable rules coiikl produce .111 imaginable ■ ■ mi ["^1 : x it- . Having discovered 
the glider, Conway Issued a challenge via the Sdmitifc American 1 column that 
had first publicized his discovery: could anyone come up with a pattern than 
would actually produce gliders? A programmer called Bill Gosper at the 
Massachusetts Institute of Technology came up with die solution, the glider 
gun, and in the process formed ,m atlachmeni lo the exploration of the 'life 
universe', the ineredibb rir h realm of pa I terns produced by Conway's rules, that 
persisted for decades. 



I .OSpl'r Sl'l lilt' LiH LI' til lilt' Subsi'ipit'nL lilt' UUI'Stillg lluil tUOltllok lilt' 

i magma I inn .111,1 tonipiiling resour. (■■ (il ] ' 1 m i ; v, 1 1 1 1 1 1 1 1 ] 1 h tiojMrlmonls around I lit' 
world. Hi: first out ouiiiorcd the game while working tin tin.' now legendary 
ninlh floor of MIT's Tech Square building, <i place where many of thy 
programming greats of Ihe computing re\ flu I km ml Iheir tirsl t ode. 1 But his 
interest did mil lapse vvilh Ihe discovery of Ihe glider gun or hi i Hi departure from 
MIT. Working .il nighl, using spare (Oiupuling linn' donated l>v generous and 
indulgeni employers, he, along with a conimunity of Life-obsessed 

discovered, was one that naturally lent itself to the language of physics and 
even biolog}". It own provided a plavl liI way ol examining • ortam fundamentals 
of physics. The rate tit whit h information passed through the Life universe in 
each successive move i on Id, lor example, be teen ,n Ihe equivalent of the speed 
of light, an absolute, unerring ins I. nit lh.it :■- ^miplv nonsense to imagine 
being flouted. SimikuU, Ihe game tan be pfa\od on a 'board' with the lop 
connected to the bottom and one side to ihe other, so a glider disappearing off 
the top of the computer screen reappears at Ihe bottom, giving a perfect 
demonstration of Ihe concepts of 'curved spate' and a 'boundless but finite' 
universe thai emerged from KinsLt 'ins relativity theory. 



revealed beneath a lifted stone, or plankton in a rock pool. They are in a world 
of their own, and vnn ran oniv wonder whal lh.il aid :■- like and the purpose 
of their lives within it. 

The idea of a flat universe like the one created by Life is not a new one. In 1884, 
Edwin A. Abbott, a teacher credited with die introduction of English literature 
as a school subject, published Flatland? Described by its subtitle as 'a romance of 
many dimensions by A. Square', il postulated Ihe existence of a two- 
dimensional universe in which all the t red In res were flat shapes. A. Square was 
the narrator, a worthy, regular shape lor a Victorian hem. He lived in a world 

populated by polygons ol every coiiceb able shape, represenfing all the various 
classes of men. The women, however, were all needle-shaped, an entirely 
inappropriate t Ik lite of gotiiuelr\ . one mighl 111 ink, but intended to explain the 
reason why they had to enter all buildings by a separate enframe, because, 

an angle, being inferior in this respect to Ihe verv lowest of Ihe Isosceles', they 



were also, anordiuj; to A. Square's testimony, 'wholly devoid of hr<i 1 n.l\cr r 
and have neither reflection, judgement nor forethought, and hardly any 
momon . ] fence, in I heir fits <>[ fury, they rememher no elaims and recognise no 
distim liens. 1 have actually known <i i use where ,1 VVem.in lies exterminated her 
win ile household, ,1111! half en hour aflenvards, when her rage was over end the 
fragments swept away, has asked what has become of her husband and 
children'. 6 

Abliolt ilenrh oujoieil [lie l.uk ol inhibition thai mines limn u riling about 
another universe — a liberation exploited h\ Abbott's 1 ontempor.iry Lewis 
Carroll in Wonderland. I liill.uid provided him with a chance to satirise the 
sim pi is! u, arbitrary 1 Lissifii aliens of Vii lorian soi iel_\ . He! [he book also offers a 
demonstration of the dill 1. til lies ni hreakiin 1 , on I . i| [!-..■ mental structures we use 
[1 ■ make 'ii-i ■ ■ Lie world. Hi" 1 / wi :uld A. Squai 1 ■ ni.ik' ■ sense , .[ ^p,i. eLec. [In ■ 
Ihioc -dimensional world ol hi piee h\ tin' strange sphere i reatui 1 ■ thai 1 an he 
experienced in KLilland as a circle llnil could make ilsell largo ,md smaller, and 
that could appeal and disappear at will? 

In a way, Flatlillld was a celebration of absinn I Ihinkni) 1 ,, its ability to take us 
be von J the limils of an empirical, helievo-it-only-w heii-vou-see-il viewpoint, a 
[Peculiar linn; 1 , lor a res peeled Victorian loa.her to espouse, In; I Lmelv. 



Dionys Burger publishing Sph,r-:i:ind, an attempt to combine , 
Hinton's world into one that would demonstrate Ihe idea of the 



in terms of a balloon whose I wo dine nsi"iial -kin . ":itir.uall\ expands. This led 
me to -pe. n Lee about wjn llvr it wi mi LI be possible LiLine, Lie Ki.L'on analog' 
literally, for a two-dimensional universe actually to exist. What sort of physics 
and chemistry would it have? What sort of life forms?" Two years later, he 
published a monograph called ,' 're ,' ''.■i.',vi:.ii'i, , iii' N re.'.', e ei.e' '!■... eai'ieyir. which 
Martin Gardner featured in his 'niaiheiuaiii al pines' column in the July, 1980 
edition of Scientific American, the very same column that had first introduced 
Conway's Game of Life to a wider public in 1970, 



Martin Gardner has made a unique contribution to Llie opening <">f the abstract 
realms of Flatland and the Life mmerse to ,i growing numher of programmers 
and hackers hungry to make wine ol ihe poiver of the computer. His interest in 
the links bet ween im.ij-in.iri worlds and i ompuler-coneraied ones was reflected 
in his Annotated Alice, which provided detailed notes on Lewis Carroll's 
Wonderland. Inspired h\ the thousands of letters he received in response, to 
Gardner's well-read column, Dewdney decided to pursue the idea of a flat 
universe further, and eventual!;' wrote The Phmiverse. computer contact with a 2- 
dimensional world, a novel which followed the familiar conceit of presenting itself 
as a factual account. Dewdney (presenting himself as the 'compiler' rather than 
the 'author') wrote of running a program called 2DWORLD on his departmental 
computer from which spontaneously o merged a .tea lure called YNDRD. 
Having discovered YNDRD, Doivdnev and his students went on to uncover an 
entire world, complete with ils own societies, lilies and seasons. 

produce anything like the Planiverse or YNDRD. But he was exploiting, and 
perhaps Slrengthcnin;;, the link emerging in holh Ihe imagination and WOrk of 
computer programmers und researchers between cellular automata 'games' and 
the physics of the real universe, a link that seemed to confirm that the universe 
might itself be a vast, three-dimensional cellular automaton - a very big 

The world around us is immeasurably more complicated than anything that 
could occur within the limited confines of computer 'game', but then the 
LUU\eis, . i- pi ill 'H ball V infill :li' in si /e and has lAe-led foi billions of years: n [■- .1 
mother of a machine. But 




that thev might have is lhc l oinnx lion hi-bvcen 111. 1 patterns produced b; r 
programs like the ;'.ame ol Life and tin- origins of life itself. 



Confronted by the difficulties of explaining why some things could display 
lifelike qualities and some could not, Aristode came up with the less than 
conclusive argument that life was the result of 'spontaneous generation' — it 
just sprang up out of the earth. This was the inline, ntihodosv up until the study 
of anatomy began in Italy in the sixteenth century. In the early seventeenth 



lenluiN the KiLsdisli plusniaii Willi. mi H,u\i'\ folkmed cip [lie studies ot his 

teacher, the Italian anatomist (iiioLuiKi Fabri^io, into ilu' generation of life by 
dissecting Charles I's hinik during I lie ma ling season Id examine the contents of 
their uteruses. 1 * Finding just a formless mass, [ l.irvev mm hided that the female 
musl somehow he fertilized as ,i magnet magnetizes an iron bar thai il touches. 
Refining his ideas, he came up ivilh the concept of li(c arising nul of organised 
matter, which he called the 'ovum' and by which he meant just about any 

biological equivalent of flat earth ism. Bui in many ways the more scientific 
accounts that emerged lii'in -aibs,. L :uoiit work ink: die origins of life and the 
formation oi living dungs seem to ha 1 .. 1 incieased rallier than diminished the 
mystery. The work of Lazzaro Spallanzani and later Louis Pasteur, which 
demonstrated that life could only come from life, merely redefmed the problem. 
The search for life's origrnating 'spark' still reached no satisfactor}' conclusion. In 
1953, the American scientists Stanley Miller and Harold Ure)' mixed a 'chemical 
soup' with ingredients similar ii) those thai would have been found in earth's 
primeval oceans which, energized hv sparks representing lightning, reacted to 
produce Ihe bask- c hemical compounds assm ialed with living organisms. Hal 
this only proved Ihe means by which the building blocks oi' life may have 
emerged, it did noi show how ihey came to be assembled into something as 

Perhaps Harvey was nearer the truth in seeing that it was the level of 
organization of matter that was key. How could the formless mass he 
discovered through the rather brutal demise of his kind's bitches turn itself into 
a living creature? hi 1*13, the physicist Krwin Shrodinger gave a lecture at 
Trinity College, Dublin entitled 'What is life?' 1 " In it, he described the 
chromosome as a 'codescript', thereby linking the idea of the formation of 

lead to molecular biology. 

Shrodinger also said lh.il lie I hough I li \ ing mailer, while not independent of the 
laws of physics, must be the result of further, undiscovered laws." His reason 

Ordered but unstable state, they do not, while Ihey are alive, relurn to a state of 
equilibrium. Living things are in a constant slate ol organized flux — eating, 
excreting, inhaling, whaling, growing, moving — a stall' thai contravenes the 
principle lhal even thing is drawn towards a stale of shapeless disorder. While 



down, losiii}', shape arid iorul, li\ iui; lllimjs somehow 



hi a paper publish''. I i:i 'Tin- chemical h.i-/- ol 1:11 aphogenesis', 12 Alan 

Turing addressed the issue of 'morphogenesis', [lie genesis of form, in lonris of a 
mathematical simulation of what is; known as a 'react ion -diffusion' model. 
Rather than look for new laws of physics to explain life, he used the model to 

using a program lie had developed for one of Ihe world's first electronic 



use, because they are based on 'nordmoar' rather than linear' mathematics. ' 
linear relationship between two quantities is a very easy one to work on 
means they are related in direct pro part ion to each other. A linear relationshi 
expressed in phrases such as 'the more vou put in, the more you get out', i 
plotted by a straight line on a graph. A non-linear relationship is not 
straightforward - literally. It is not a straight line on a graph, but a curved < 
Exponential growth, I he popul.iliou explosion, hi I Lit ion, leedback, nuclear ro 

calculate. Working out a non-linear equation is a bit like trying to work 01 
It for a dinner party at which most of the guests dislike all but nm 
ol Ihe oilier quests. Addiiii* eaih new i h ,uesl lo the plan usually mi' 



calculations would have been like Irvine, Ii : li n l!i -tsf^i n lI III' 1 narrative of a film by 
looking at a few ol its names, i.'nlv wilh the > ompu L ■!■ v oald Ihe organization of 
the 'soup' into inleresting patterns he observed. The computer, like a new 
scientific instrument, had revealed sumelhiti;', thai could never have been seen 
before: the spontaneous generation of form. It had shown that morphogenesis 
was not necessarily the result of some external, mysterious 'ton e' thai acted on 
(he physical mah'rial ol liie, but ,i quality ol form itself. 



Turing's work was later to translate directly into tin' language of cellular 
automata. One of Ihe most impressive classes ol cellular automata is one that 



has heen dubbed ' H<id i= t'j ki J i= i>', afirr u sot i>l' rules developed by Martin 
(a'rhardt and Heike Schuster at the University ill Bielefeld in Germany. In 
Conway's game, . ells (the squares on the board, to revert to the board j',ame 
analogy) had one of two slati.'s, dead or alive (the presence or absence of a 
piece). In (ierhardL and Si [luster's version, they could have a number of slates, 
one being, say, 'healthy', the others varying degrees of illness. Furthermore, 
-Since the Stale of a cell's health is set by lire slate of its neighbouring .'ells, 



The result of running Hodgepodge is a classic reaction-diffusion model, 
furthermore, it is one (hat produces resulLs that are strikingly similar to a class 
of real chenikal read inns rather forbiddingly known as Rel.Hisi>v-/haK 'linskv 
reactions. 1 hesc ate Ivpi.al examples :: | . 11 eur.i/.ui",' phenomena, and the 



Hodgepodge games and the Hclous,u-/haholinsky reactions. Also, other 
research has Shown how--, to borrow Kiplini;'s phrase, thi' leopard got its spots, 
and whose immortal hand or eve, to borrow William Blake's, framed the timer's 
fearful symmetry — it was the pattern I ermine, pro. esses of a read ion -diffusion 



turned the argument about the 'mystery' into one about order and complexity. It 
posed the problem in terms ol ii vet more Irmdaiuenl.il one: what are the origins 
of the slruclnri' and orgatii/ahiiti in the universe'.' Why is it not simply random 
chaos? This was a question to whii h rompuler models stii h as cellular automata 
seemed to suggest some sort of answer. At least, so it seemed to Stephen 



Wolfram Has a rei i pica I ol .1 Mai Arthur foil nihil ion 'genius' grant. ,i no strings 
I ive-vea r boquesl running into hundreds ol thousands ol dollars thai is 
bestowed upon anyone III" loundalk'ii ri';',aids as showing snllicient scientific 
promise to earn it. 'If you think about the thermodynamics of the early 
universe', said Wolfram, 'you gel into a strange problem. The universe is 
supposed to have starle.l ihi: .is Ih is 11 r.imrm hall "I h" L . but in the end what 
wo see is a lot of galaxies that arc von patchy and irregular. The question is 
how do you get one from the oilier' Si, m dan I staiistii.il mechanics says that you 
can't,' 13 Cellular automata seem to suv that you can, which is why Wolfram has 
devoted much of his goucrousk funded lime lo exploring the way they work. 



Wolfram's work, in combination with Ihe more, adventurous speculative 
explorations (it people liki' (iospcr ,111, 1 .mother \otcrau of MIT's Teih Square, 
Ed Fredkin, began in sec cellular .niioni.ii.i as provulin;' evidence that certain 
combinations of simple elcmonls 'sol l'-nij;.mi>-.f' thi'nwlics; I he structure simply 

pops oul of the chaos, li Joes mil soli n J like much of x plana Lion, more ol ,1 

question-bogging observation. Bui LL is hard to dem lllul il happens, and hard 
not to be impressed lh.il il happens. 

I el hilar automata .uul ro.u \ ion -d illusion models .ire p.irl ol .1 much larger ,md 
well-publicized intellectual and scientific movement, one identified, thanks 
largely to James Gleick's book of the same name," by the generic term 'chaos'. 
The Russian- Belgian Mubel laureate lly.i I'ngogiiie co-wrole a book in 19K4 

'.• :1 i. Il di ■• r li iped I lie idea 1 .1 -.'il -1 'fl'.] 11 ]/,] 1 Li :ll lo show 111 lie 1 he si . Olid I. II.' el 

thermodynamics. Ihe law •■! 'enlnipv' win. h s.iv- 111. it • •■rvlhuig tends towards 
a state of disorder, can, without being violated, be shown actually to produce 

America, have noticed, chaos does not jusl produce order, il his order: there is a 
deep structure — to borrow .1 phrase of linguist], s - in tin' apparently random, 
chaotic behaviour thai • k.ir.icleri/i - oil natural and some social phenomena. 
This structure takes the form of whal has been enticingly termed a 'strange 

state that conn's from analysing very complex data, such as weather patterns, as 
was done in a famous experiment conducted by h'.dward Lorenz. 5trange 
allractors are shapes thai appear 1 in phase sp.u c, in. the 1 calm ol ma 1 hematics; 
von can never spoL them 1:1 II 10 ph\ s U .,1 icorld as vuu v an file resting position ol 
a pendulum. The exciting feature of litem is tli.il I In-, surges! thai perhaps .ill 
chaotic, apparently nn .itiiiiali pin ■nometia .lie drawn towards a strange 
attractor. For example, the unpredictable bull charges and bear hugs of stock 

attractor. Of course, if anyone could, by analysing the stock market figures for a 
period ol lime, discover this si range nllr.n lor, thee would hi- able to predict li me- 
lt will change in the future. 

On the debit side, though i haolic systems m.i\ be stable .it the abstract level of 
the strange attractor, thee are highb unstable .11 the 1 l-x l-1 ice experience them 
directly. Non-chaotii , linear systems exhibit gradual 1 liango; chaotic, non-linear 
ones fly off the handle at the slighfesl provocation. This is known as the 
'bulled K L'fle, I . The bulterlk eiiei I is I lie dram a lit 1 1 1 . 1 1 1 1; l ■ in the behaviour of a 



i liiiulk- s\slei]i that tan result hum t]u' tiniest i flanges in 'initial i i nidi I inns' 

how the breeze of a l-mtt.'i My fluttering ii n» an English meadow might be 
enough lo trip the earth's aimosphero from one slate into .mother, from a state 
where there are snowstorms in Miwrav lo one where there are hurricanes in the 
Cult of Mexico. The butterfly effort is quite well expressed in the phrase 'the. 
straw that hroko the camel's hack', ami raptures the unpredictability of non- 
linear systems — the fart that the effort of one fa, tor oeor another is not Simply 
proportional. This would imp.v that any M ,.iins lli.it loine Innii knowing Ihe 
stock market's strange atlraclor have lo be balanced against losses that result 
from an arbitrarily tiny decision taken over some inconsequential stock 

Benoit B. Mandelbrot, nephew of the Rombakist S/olem Mandelbrojt, sees 
himself, and is soon by mar.y. as ttn- champion oi the move. intuitive, less 
reductive set of scientific attitudes that are associated with chaos. Unlike his 
i nl leagues jn unbeisiu departments, he was able to cultivate an open mind to 
the 'mess', as he calls rt, of nature. Whereas physicists since Newton 
endeavoured in dreir experiments to exclude this mess - dreaming of friction- 
free worlds and porlet IK spheriinl particles — Mamlelbrol wallowed in it. 'One 
should not say that Ifie mountains .no imperfect; I Hon have their perfection 1 , 14 he 
said. 

He noticed in a variety of turbulent and irregular phenomena a 'self similarity 1 

shape of mountains, i londs and plants ai loss i.li Melon I stales (a branch and all 
its twigs, for example, looks much like the tree and all its branches) Could form 
Ihe basis of a new 't'raclaP geometry, one Lhal replaced lines and circles with 
bumps and lumps. As ho once explained to mo heLwoen niouthfuls of an art 
gallon Life's pkju.mUi dressed lean's of higlib lr.nl.il endue: '1 did not 
discover the fart that clouds are like billows upon billows upon billows. Every 
child knows that. Every landscape painter knows that. What I did was identify 

grab.' Tins was an achievement thai demanded a radical adjustment in 
conventional math -ma In al attitudes. As James ( Hoick put it in his book dittos: 
'Unlike most matheni.itii ians, | Mandelbrot | root routed problems by depending 
on his intuition about patterns and shapes. He misl rusted analysis, but he 
trusted his mental pictures.' 17 

The most extraordinary picture to result from this process was the Mandelbrot 
set. Generated by the simplest of formulae (take a number, square it, add the 
starting number, square the result, add the starting number, square the result 
and SO on), the set graph it alb plotted an image of astonishing complexity that 



displayed .ill [lie features til self similaiil\ thai Mandelbrot had kuiinl 
elsewhere. It seemed It] hold some sort of universal Tin'iin in;- . plotting the 
boundary conditions lhat govern tin.' behaviour of am number of potentially 
'turbulent' or ehaotii phenomena: stock ewhange mdi.es, galactic clusters, 
electrical interference. People couldn'l ■ and still cannot — prevent themselves 
from talking about it as the\ would a paiuliug, .is an image rci ealiug some great 
bui mysterious truth. 

Since Mandelbrot first produced a detailetl piitnre of what he then called an 
'island molecule' in 1980, there have, predictably, been several claims to its 
independent discovery. Is hven ignoring Ihe unseemly rows lhat accompany 
most high- profile discoveries, one of Ihe inlerosling features of Mandelbrot's 
growing mythological status is thai il echoed almost preciselv the language 
used in connection with the French mathematician Rene Thorn, who is credited 
with discovering 'catastrophe theory' in the 1960s. 

Catastrophe theorv was ilsell des> 1 1 1 ■ ■ ■. L 1:1 lei jus lh.il .in In ipated ( ;leiek and his 
like. '|Catastrophe] theory is controversial because il proposes that Ihe 
mathematics underbill;', three hundred years, of science, though powerful and 
successful, have encouraged a one-sided view of change. These mathematical 
principles are ideally suited [,. analyse . . i'.':. .onlmuous, quantitative 
change: the smoothly curving paths of planets around the sun But there is 

melting point tti water at its freezing point.' 1 ' 1 Those words were written b\ 
Alexander Woodcock ami Monte Davis in 1 978, a year before Mandelbrot had 
Ihe first inkling of his set, and only three years alter the first published use of 
Ihe word 'chaos 1 in anything like its scientific meaning.™ Vet, substitute Ihe 
word 'i hange' with, sav, 'behaviour', and you have what i ould pass as a classic 
formulation of chaos theory. Quoting Thorn, Woodstock and Davis characterize 
catastrophe theory as being a science of the 'ceaseless creation, evolution and the 

chaos theory if ever there was one. 

This does not mean thai i haos theory somehow plagiarized catastrophe theory, 

intellectual history - the ideas surrounding both emerged around the same 
time. Catastrophe theory is, furthermore, wholU concerned with a different type 
of mathematics, lopologv, the stud) of whal has been called 'rubber-sheet 
geometry'. Topology is a triikv concept, its concern being every aspect of an 
objet I's form not dealt with by geometry. This is usually defined for non- 

mathematicians as dealing with those lent u res ol an oh jet t thai are not changed 



by bending, stretching, compressing >>r twisting. So, lor example, a pair of 
glo\es m.n [>(' lilt' s.i me shape .mil si,e, bill .ire lopologii . 1 1 1 \ lI il leienl, heoiuse 
mi amounl til Ini-inlin;',, strckhing, iom pressing or twisting could turn a left- 
handed .',1m.' inlo .1 righl-h. iiiilcd one. A square, on the other hand, is 
lopologically identical In a circle, because you can bend one inlo the shape of Ihe 



abstract ones such as maps, but with the sorts of forms one finds in the 
mathematical realm el graphs, in Ilia! son ol ahslra. I space opened up by 
Hilberl, and where Ihe si range allrai Lor was disiovered. Thorn's breakthrough 
was to and Ivse '.I is; ■: i;r.ir,U".i- . hange'. Ihe sudden liiiivrmnil el .; svstem I rem 
one state to another (the freezing of water, Ihe snapping of a slick, the swarming 



of catastrophe lhan i luos Ihoon is concerned with our everyday idea of duos 
(if anything, one ,nukl argue lhal both were concerned with Ihe opposite of 
what their names suggested, with the discovery of pattern and order). But, as 
with i h.ios, the ,.pplic.ilions ol Ihe Iheon h.id .in entUiugb real-world ring Id 
them. Thorn's goal, like Turing's, was to develop a theory of morphogenesis, a 
way of aeiounling for the generation of form —his book on the theory was 
entitled Structural Stability and Morphogenesis. 2 but it was a theory that promised 

10 help explain more pressing phenomena in an incrensiugk catastrophic 
century. Maps were drawn of population explosions and economic cycles to 
show how Ihov shared common topographies just as chaos theorists have 



Gleiok argues thai topology prevailed lo the ueglecl of the mathematics of 
chaos.-- Certainly, lopologv is regarded us en. 1 ol Ihe groal preoccupations of 
Iwer.lielll i er.lciv n'..;themeli. s. h . I 1 tin- .ill |i.i. .ilieil the I . alusliophc theorv I .as 
part of an intellectual movement lhal stilled the early development of chaos 
theory seems uncharitable. Even less charitable is the fait that catastrophe 
theory was excluded I rem nearlv every h isi;ii\ ol , haos, despite the fact that it 
has so much in common — Thorn's theory even has a butterfly catastrophe'. 

What, then, happened !•• c.i last in ph.' Iheorv.' Once an essential topic of the 
1970s intellectual dinner-round, the 19r!()s s.uv il simph disappear from thy 
agenda. The reason nuv partly be the character of Thorn himself, a bit of a 



Mandelbrot, i olebrulod for his intuition and imagination, .uul in equal measure 
suspected for a lack "I precision or thoroughness. Ho was impatient with those 
who insisted on 'formal rigour' — that could always mirr later, ho claimed. He 
was one of those thinkers who is cast in the role of both a hero and rascal, 
inspirational to some, undisciplined to others, the object of intense media 




theory that has something to say about every Lh me, may end up saying nothing 
about anything. In l l )77, the American journal ^iirmY ran an account of an 
attack on the theory levelled by the American mathematician Hector Sussmann 
under the headline: 'Catastrophe dieory: the emperor has no domes'. 33 Later 




Catastrophe theory is one of mam attempts that have hoen made to deduce the 
world by thought alone ... an appealing dream for mathematicians, but a 
dream [hat i anno I iome true.' 24 



start to see fractals every where, imagine that everything must be an expression 
of Strange attractors hidden behind yet higher orders of abstraction. It, tOO, 
MllJi ks of an attempt to 'dedaie '.ho world :>■. i;niui-,:l'. alone', un oNumple ol" 
French- in spired rationalist 'armchair science' that Anglo-Saxon culture so 
despises. Most signifkanlK of all. i llaos theory, like calaslroplle theory, relies 
on the assumption that the real world and the mathematical world are in some 
way connected. It is only too tempting to accept this question as settled. But 
most of the 'discoveries' of the chaos that attracted scientists' attention were 
purely about the properties of a certain ilass of inathnnatn.il equations. Fractal 
geometry was described r.ilher grandly by M.mdelbrol as the geometry of 
nature, but there is no proof of this. Nature remains insolently silent on the 
matter. She will not say where she got her designs from. 

With the passing of catastrophe theory and the no-doubt imminent lapse of 
interest in chaos, a new theory has emerged, one that could be called self- 
organmng criticahty, but which one waggish snence journalist anticipated 
being called crisis theory. Crisis theory is, as its more prosaic scientific name 
suggested, a ( ombiiiafion of the .oniepl of i ritii nlilv and self-organ i/.at ion. 



I'rosaic though the word may be, criLicality is a powerful notion. It is belter 
known when used in connection with nuclear energy generation, and has 
filtered lo some extent into everyday language in iln- phrase 'critical mass'. 
'Criticality' lies at lire edge ol ealaslmphe. Nuclear power stations are held at 
precisely this point, the point where the release of energy is mil too much In 
precipitate a rue-away chain reaction — turning the core into a potential, slow- 
bum atomic bomb — nor loo little to produce sufficient heat to boil the water 
that will drive the turbines. 

The delelopers ol I he loiucpl el sell-nrg.nii/.ed i riii. ,ilil\, led In I'er H.ik it I he 
Brookhaven National Laboratory in the US, believe thai the mosl interesting 
fed Lure el lnre,e. Li 11 1 Ted u table events I he same so lis nl events the I , oili it Hi lI 
the catastrophe end ■ h.ais thei :rts[s; stn. k ni.i rse : . crashes. , ..n ihijuakes, thai kind 
of tiling — are in tai l a set ••! in. h ocndciV. small i ■! i vents. Air earthquake is Lhe 
N'sull ol :ii..n\ si :pp.;;'.''s I "■ ; ■ I v. ' i ■ i ■ r. m nvi r.r. nl.c.es .n ;hc 1, ilia's . rust. -1 s'.o. k 
market crash is the result of lots of local decisions taken by individual investors. 
The fact of sucli systems or events having this 'multi-component' nature draws 
them, Bak and his • ol ha; 1 , lies .iie.ue, inlo ,1 s[aii ■ ,,f , n lice I ilv. but thev are drawn 
there not by any external force, but simply .is a result of their multicomponent 
nature — thev organ i/e themselves, hence self -organised criticality. 

Like Thorn, Bak is lomcmed with explain iii g why sjsiems that are on the point 

troughs to an average level of uniform warmth. Yel there are, at least around us 
on earth, all these structures, ourseKcs in, hided, teetering on the edge el crisis 
(think how little it takes to kill a living creature) thai are nevertheless stable, 
even self-sustaining. A mure mundane example explored by Bak is a pile of 
sand whk h, despite being made up ot nothing more tlian independent!! a< line, 
grains, nevertheless .ihvuvs snmehnw manages m 01 gentle itself inlo a neat 
heap, oh hi 1 , ine.lv sclLire, el I I idle s.iiilI sluli v.aiji more sand is added to ensure 
thai the shape is retained. 

Bak attempted to explore the idea of a self-organi/ing sand pile's critical state by 
building a compiler simulation of one wilh uniform square grains. This fairly 
accurately managed lo model lhe n ay a sand pile behaved as grains are added, 
although researchers at the Cavendish Laboratory in Cambridge with real sand 
piles (such a lovely image; a group of Britain's top research scientists plaj'ing in 
a sand pit) discovered lhat ' natural .ingle lor the slope of ,1 [real] pile depends on 
how lhe pile was made', a phenomenon not found in lhe computer simulated 



These three theories - catastrophe, chaos ami crisis — have all succeeded in 
using mathematics to explore phenomena [li.it are vm nalural. Mathematics is 
conventionally thought "I as being a realm apart as much by the heathen 
outside as the fundamentalists within. Its teachings jit not of this world; we all 
know it. Mo lomjer does -in It a i icw si 'fin sustainable. 



At the SIG GRAPH conference in Boston in 1989, a pile of leaflets was to be 
found nestling anion;', the foothills of what is always a mountain of press 
information. [I attracted my attention because it baldly proi laiuied that there 
would be a demonstration of what was called a \ ideo modem'. I did not take it 
very seriously, sine. 1 even run ■. at least everyone atlciidm; 1 , such a conference, 
knows that such a device is a Iol hnoloi-.k al im;X"-si':iililv. They know that a 
modem is a device for translating computer information into a form that can be 
sent down telephone lines, and drey know that tills means, telephone lines being 
what they are, that paltry amounts of data can be sent, a few thousand bits a 
second, no more. They also know that .1 single frame of video, one of the 25 or 
30 that make up each second of a moving TV image, is scleral million bits' 
worth of infonnation. So no device could possibly send moving video images 
down the line. 

computing industry announcement. The trick was performed by Michael 
Barnsley using a process he called the iterated function system, IFS. IFS was 
based 011 the principle of Mealing pictures according to (he self-similarity of 
their elements, the similarity of the twig to the brain h, of the blanch to the 

take up billions of bytes to store could be reduced to just a few hundred. 

This was a lechnkal iueahth rough. Computer resean hers are obsessed with 

redundancy or repetition. But it went much deeper than that. The IFS system 
only worked because the world is fractal. During a demonstration of the system, 
Barnsley showed me his system r« onslrucling pictures of his 'girls', pictures of 
what looked like Taiwanese air hostesses, and of lush landscapes, from just a 
few hundred b\ tcs of information stored on a f!opp\ disk. These were images 

that had been compressed without any knowledge of their content; they had 
been analysed by the computer as simply .1 meaningless map of bits. And what 



Ilu.y demonstrated is thai ,.11 file richness, variety, all Mandelbrot's '.Hess 1 , had 
been shown to be not simplex ,it all, hut just a few simple shapes repeated over 
and over again on different scales. What Shakespeare ealled nature's 'infinite 
book' tan by reduced to just a few i haraclcrs. This seem? to tell us two things. 
That nature is far simpler than it looks. And it tells us that a purely 
computational procedure — pure maths, in other words —ran decode it, ran 
automatically, mechani all; discover its strut lure. You cannot watch Bamsley's 

chaos, catastrophe and a host el olher tr.adiHrna Ileal cii -\ i ■ pun nts serm :.' 
show that the world, nature, even hi. 1 itsell mav. for all their messiness and 
complexity, be computable. 

There is, however, one remaining test that we have yet to examine, taken by 
many to be the definitive lest, Ihe one lhat Ihe compufalionalists must expect 
their beloved machine to pass if Ihev .tie lo argue with any credibility that the 
universe is a computer. That test is the challenge of artificial intelligence. 
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5 

ARTIFICIAL INTELLIGENCE 



A computer researcher in conversation with .1 journali^l reveals that his area of 
n'SHiii h is 'arliliiial intelligence'. The journalist expresses some scepticism 
about this; intelligence sums in hi' somoiuing beyond 1 ho scientist's pale, part of 
the mysterious machinations of the mind. 'What', replies the researcher, used to 
slh h arguiueiils, 'is so spci ial ,1110111 Ihi' nun J' 1 Ihi' 'se, io( working in in J 1 , 

as Yeats called it; surely it Joes not need to prove itself special? II is the origin of 

Science, as we have already discovered, is ouimgeousls- den binding. It demands 
that it is not simply a way of explaining certain bits of the world, or even the 
local quarter of the universe within telescopic range. It demands that it explains 
absolutely everything, or, more accurate!;', that its theories apply to everything 
relevant to them. A theory regarding the behaviour of molecules therefore 

Should an exception be discovered, it would not be the exception that proves 
the rule, it would prove the rule false. The entire universe in its every detail and 
across all time obeys I he l.iws oj u.ilui''. .u l oiding [o s, ience; the problem is 
discovering what those laws are — and oven the scientific establishment is 
prepared to admit the laws it currently assumes to be correct are in all 
probability incorrect. However, ihe scienlilii voyage of discovery does have a 
well -developed sense of direction: lowards [he eventual discovery of Ihe true 
laws ofnatute. 

There has, however, been one region of doubt, one part of the universe thai, 
perhaps, dons not obey any such laws, and that is Ihe human mind and all Us 
subsidiary mysteries: ,011s, inusness, Ihe sell, idcniils . This is llie assumption of 
what is known as 'dualism'. I 'inditm divides the univeiso into Iwo types of 
substance, material and mental. The laws of nature only apply to material 
substance. Mental suhstam e ai is a, i Hi ding lo a will of ils own. human free will. 

The name most Josely associated with dualism is Descartes, Ihe man from 
whom, despite Itvuij 1 , 111 tin- I11-I perl "I the ■■■v. nli ''nth century, 'modem' 
philosophy is said to derive. 'There is a groat dilloienci' between mind and 



body, in thai hod\, l>i ils nature, is .ilu.us dbisible .nul thai mind is entirely 
hull visible', lie u idle. 1 b\ making 1 1 lis dislim Men, m>L onb was I lie will lei I In lie 
free, but the world was k'fl to bo real, to follow laws rnlhor than the whim of the 
imagination. In oth.'r words, ("artesian dualism is not aboul reducing the power 
of science and mathematics, hul assert in;> thai it > an apply lo Ihe entire material 
uniM'ise. Our minds, iuenui\ bile, i .111 be left lo make their free 1 hoiios, 1 I10U es 
for which we are responsible, i hoiees whieh we h.ne not been lorccd to make; 
we caiinoL, tlien, have llio-e ■ hoi. i's bem; 1 , the lesull ol Ih' 1 mei hanical laws oi 



I ,11 .' -i.ii 1 lI 11 lI . ; 1 . aille nr. del 111:1-1 . "u\ 1:1. ill; 1 , and elite Jluimnj', assault 
in 1949 by the Oxford philosopher Gilbert Ryle. Ryle was a friend of Ludwig 
'A ; dU',eti-aeir.. Th'' two -erm :o have been b. ith dr.i wn toward- and repelled hv 
l u'lr otaei, Xvle lie.'.iri bv adm '.Viito; ■ns|, \\ .l;,.::i-l' 111'- .iiti r.lion wa- 
attracted by Ryle's apparently serious and interested expression during the 
reading of a paper. Later Ryle do idod thai Wittgenstein had <i bad influence on 
his students, and Wittgenstein decided that Ryle was not serious after all. The 
two. neverlhek remained .or dial. Kan;', as likelv lo arj'.ue abmil lilm- 
(Will^oiisloin's ion lent ion hem)', 111 a I a j;ood lirilisli lilm was an impossibility 1 as 
philosophy.-' Will)i,enstem, more lo our eurrenl point, ean be seen as hn\ 111 )', had 
a powerful influence over the philosophical climate of the times, he was the 



Ryle seemed lo be respond in), to that , limaie with the publication in 1932 ol an 
arliele entitled ' i s\ stem alien lb misleading e\|ires.si nils'. In it, he 111 1 rod in r'd I he 
idea ol a 'catee.orv mistake', a com epl lhai was lo plnv .in important pnrL in hi- 
great work, The Concept of Mind, published in 1949. 5 



loi^ial slimline, iiiMsibb weukeuim; il, onb identilied loo kite, when Ihe lim 
hole- reveal Ihe ir.le-lntion'- ■.k-p.i j-Ili i^- lo 1 x pi L i in whal he mcanl hv Ihi' term. 
Rvle gave a -ele.hon oi rulher •pianil 1 ■vain pk ■-, leller tin:'.. [iei hap-. Ihe man's 
somewhal liaht orbit oi worldlv experience (aparl from war service and the 

Oxford). A 'foreigner' is taken round the colleges, libraries, pla 5 'ing fields, 
museums, seientilie departments and administrative offices of Oxford 
University, The lour completed, the \ isilor asks 'but when.' is the university?' 
His mistake lay in what Rvle kindly called the 'innocent assumption' that the 
university belonged to the same eali'^ori ol institutions lli.it lie had been shown 
during Ihe four. The loleraut y.uide, perhaps aller referring the bemused i isitor 



lo \i\ li''s work, dci ides In take his s;Lirst Ui see a );amo of t rk kef. The rules of [lie 

game and Iho role of each player arc patiently explained to him In Ihe simplest 

wonts, bill still ho is pun/Jrtl. There is no one led on the field lo I onlribute Ihe 
famous element of team spirit", he says. Wrong again. Different category 
(different era, too). 

As we saw earlier with the case of personal lompiitin;;, our lives are filled with 
people ni.il.il ii; latoijon mistakes, l ake Ihe \oler 1 . I'olitii inns wilfully asi l ike all 
sorts of attributes lo this 'voter' - intelli);oiH e, polilknl disiernmenl, impalienee 
v i I h the p. i it \ in power/ up] nisi I ion - wliii h it is ,]nile impossible lor an .ibslr.k I 
concepl rather Ihan a physical human heinc, to have, (liven that no politician 
could have possibly met 'Ihe voler', he shows a rude p resumption of Ihe 
ml mo. \ o: :11s ,\. .| 11.1 ir.l.cn e-hip. .An. i||n r ;■- Ihe -I'll", ir. Ihe .Vr.ev ..ntoon 
i featiuin;', a barbershop qu.irlet of crows sini'.inp, ahoul how Ihev had 
seen a house fly, an elastic band, a baseball bat, but they had seen just about 

In The Concepl of Mini!, Ryle argued that just such an error is made in the way 
we talk about the 'mind'. 'There is a doctrine', he wrote, \ihoul the nature and 
place of minds which is so prevalent anion;', Iheorists and even anion;', laymen 
that it deserves to be described as the official theory. 1 This theory was Descartes' 
myth' of dualism. 'With the doubtful exceptions of idiots and infants in arms 
every human bemg has both a body and a mind. . . . Human bodies are in space 

minds are not in space, nor are their operalions subjed lo mei hanii al I. ins.' 
Kyle's attack on this 'official theory' was that, in a way, we believe Our Own 
language. We lalk aboul the mind in such a way as though it is in the same 
i aU'i'.ory of Ihinijs as ihe body, and from Ihis Jodiu e that Ihere an- iwo worlds, 
the mental and the physical. In his splendid, much-used headline phrase, we 
have created a 'ghost in the machine'. In fact, argued Ryle, when we talk about 

till - m II'. J. '.CI .If:- :1. I 1,1 1 kill;' .J"" '.II .1 -I ■ 'w; ■. Ic. . V.i .lie -ell i">lv II- 1 II;', ihe I 

sorl ol lanj'.ua;',!' lo dos L iiho Ihe properly ol a particular way we or olhers 
behave. 

Kyle's allemp! lo e\ori ise the ;;host was typical ol' his lime, a lime when lire cosy 
Cartesian consensus was under the sustained bom bar it merit. A decade earlier, 
the American psychologist K. 1'. Skinner had published Tin- f'cimntm iif" 
, '.' ■.■ ,■.':.' .-.i.i. 1 .-.. which set mil a powerful msp lor behaviourism, the idea that mental 
slates are just behaviour. One of Skinner's most important experimental 
contributions was a device called Ihe Skinner bos', a device in which the subject 
(usually a rat) was placed to see how if would I earn responses to. sa\, pressing; a 

lover in order to roeei\c food. Behai tourism was an attempt to turn psychology 



measurable phenomena. 

I he im:"v 'Ran I p".'r. -. .: i"^-. iiit"--.-itL .mil work h\ p'-vi iiol. ioisis -ui |i as 

Skinner was that the)- dragged tin' mind oui from behind the veil of dualism 
into the domain of scientific reality. 



As early as 194b the press was Jew riliini; tlir KNIAC computer at the University 
of Pennsylvania as tin 'din Ironic brain'.-' A I that time, ihe word 'computer' was 
still used to mean a worker engaged ' I1 cakulalion, and Ihe very fact of its 
application to a marlliile ilearh suggested a roiinoclion heLweoil Ihe [Ui'iltal 
work of the human and the electronic pro. esses oi Ihe ma, hine. So, too, did the 

A], in Turin;; him sell had assumed .1 link between lompulers anil brains si 111 e he 

At the end of the Second World War, he told a friend that he intended to 'build a 

Ihe human head; he nieanl a machine thai would capture what he assumed lo 
be Ihe formal 1 liarai leristii s of the brain, lliose 1 hurai lerislii s In whiih K\lo 
would have said Ihe • one pi Ihr mind actual] v rvirrrod. 'To understand the 
Turing model of "Ihe brain 1 ", wrote Turing's biographer Andrew Hodges, 'it was 

In his view, the pliysh s ami chennslrv were only relevant in as much as they 
sustained the medium lor the embodiment oi discrete "stales".... The claim was 
that whatever a brain did, it did by \ irtueoi' its structure as a logical system.' 1 ' 

In 1933, the Hurtgaruiii-b; a r, ■ liema-a M u had l'i 'lanvi. ha vim', resigned J torn Ihe 
Kaiser Wilhclm Institute in Berlin in protest at ihe dismissal of Jews, came to 
Manchester University as professor of physical ihemistry. Given his recent 
experience, his growing preo ( uipation al Manchester with the relationship 
between individual freedom and science was understandable. He distrusted 
scientific orthodoxy and materialism, and was only too keen to accept Codel's 
Theorem demonstrating the incompleteness of mathematics as evidence thai 
there was room in the universe lor the mm mechanistic. 

In 1948, the year Polanyi was made professor ot the then new field of social 
studies al Manchester, Turing was appointed deputy director of Ihe university's 
newly formed computing department. While then', lie debated the issue of 
mechanizing the nun.; e. ith I '1 :kiiiYi. '. he li >liow;n;' v. al . both 1 :l I hem |omcd a 



niKoil bag of .li adeuiks at a mealing lu'kl .)[ lilt' uuii ersitv on [lie theme of 'The. 
mind ,nul llu- i oiu puling nun iii lie'. Vol km ing 111 is m eel ill)',, Turing ivnilr up I lis 
\ iows in his 'Computing m,u hineri jnd intolliguui i' 1 paper, 7 and sel com puling 
mi ils quosi In develop artifieial intelligence. 

Turing's paper was mil ,111 outline i>( any pnrliiulnr ti'. hni . Iteing written 
lor ,1 |ili ilosophii ,il journal, ils 1 nni I'm was 1111 1 ri- u illi pvin 1 iples limn possible 
practice. Turing wanted In establish that there is nn essential link hilivivii 
intelligence and humans. Hi' did Lhis by means i>l' a game, one thai lie. (irsL 

so\ualily. The "ame was simple. The player would interrogate two people ill 
separate looms. One person was a wnman. Ihe 1'lher ii man. Kolh won]. I.. 
Ihi 1 ■ii'.'.h. ! illi n .msv. ! ■:- In questions asked hv lie ■ pLvr. li"\" lo pi.. v.' thai Ihov 



man and the woman is not dependent on what they actually write. If the man 
iimvini.es Ihe ijiieslinner Ihal he is ,1 woman by writing sirikinglv feminine 
responses lo Ihe questions, it would neither prow thai the man was, in fact, a 
closet woman. 11. it ihr woman, a closel man. However, il one o: Ihe p.ulii ipanls 
was replaced by .1 computer, and Ihe questioner eontinnes lo play and slill 
Ihinks thai Ihe replies are loming from ,i human oi either gender, that ii'i'rfji' 
prove something oi the mai hine, nanlelv Ihal il in as thinking like .1 kin 11. in. 

This imilalion i;,ii»r later beiame known ,is the 'Turin j 1 , test', and is aivopled by 
mam ail il 11 ial intelligent c rese.in hers as I lie 1 riterion of' sin less, huleeik ihe 
Now York City philanthropist Hugh l.oehner has offered 5100,000 lO any 



thev suv to lis. This means that a]i\lh:iig thai 'an manipulate svmhols 111 lb. 1 
same wav humans do is . apuhle ■: il displacing ink ■lliv.em e. I his made Ihe issue 
of whether or not the mind was a part ol the mei hanieal universe, a process that 
r.i i 1 r I he I' ll . 1 1 1 1 n 'A i T'-.i I ■ ■ 1 111 pa Ii - . i 1 1 11 1 'S I ion aho u I ■.• helhi r n.iiu imI l.ini'.u.e'.e 

science sini e Turing posed it. Al least since Ada Locolaoe wrote her comments 
oil Charles linhbuge's designs lor his 'iinalylii.il machine', an esplii.il link" had 
been made between symbol manipulation .mil 1 omputalion: the two were seen 
as equivalent, with the most familiar eompulatioii being Ihe form that 
ni,ini|iulaleil iiiathematii a I si mbols. 



Naom Chomsky's honk Syiiliii-lii- S(r«ilmrs' ! in many inspects founded 
linguistics by attempting to y>n>\ ide a m iontifi, basis for the study of language. 
Chomsky aimed to disniver a 'universal grammar' rummnn to all humans who 
use language by developing tin- concopi of 'generative grammar', that is a 
'machine 1 , in the abstract Turing sense, thai ran be used to generate all the 
grumiiiulkal M'lilniira in a gi\en language. t!\ spo,if\iug [Ibis lii.u liiue, 

Chomsky aimed to provide a formal method lor specil\ hi); ivhal ran be said in 

these, the 'traiiskimiulknial grammar', was the must significant because it 
seemed to prov ide a specification lor a machine Ihat was nol simply specifying 
the syntax of a latigtuige. :!i.- all: iw.ihk \v,ivs thai wonts, regardless of their 
meaning, could be arranged, but about specifying the n-iiiimlics, the way that 

sentences such as 'I liki- hoi looking 1 ' could be given a single surface structure 
from several deep si™ ( lures, while soman I icily equivalent sentences of the sort 
involving just a change from aotivo lo passive voice could have different surface 
structures emerging from the same deep structure. 1 " 1 

Several computer researchers have attempted to use such grammars to translate 

attempted to develop a 'universal parsing inai hine', a ma, hine that can isolate 
the simple syntactical structures that arc common to different languages. 15 
Berwick succeeded in using his program to reve.il grammatical];' equivalent 
sentences in English, German, Japanese and Iho Australian aboriginal language 
Warlpiri (of interest to linguists lioiuuse words can be used in virtually any 
order). But his program could not reveal semantic equivalence - in other 
words, translate. The question remains whether a language's syntax being 
computable proves llr.it ils soma n 1 11 lis meaning, is as well. 

Computational is ts never seem to have doubted that it was just a matter of time 
and technology before language would \ iold lo flu' mathematical model. During 
the 1960s and 1970s, a number of research projects were doggedly undertaken to 
produce candidates for the Turing test. None needed testing. Talking 
computers' were no rompetition, no better at talking ihan robots turned out to 
be at walking. Their linguistic awkwardness was summed up by a poem 
entitled 'ARTHUR takes a test for divergent thinking' broadcast on BBC radio in 
1974. ARTHUR, the computer, was asked by a Turing test interrogator to 
enumerate the uses of a paper clip' 



II can clip paper, 

It can clip papery substances. 

It can clip sheets. 

It can dip leaves. 

Can it clip leaves? 

Kes, Arthur, it can. 

It can clip branches. 

No, Arthur, nn: blanches 

It. can not. clip branches... 

Can il clip hedges? 

No, Arthur, not hedges. 

It can not not clip hedges. 



ARTHUR was an acronym, naturally, for Automulii Rorord Tabulator and 
Heuristically Unreliable keasoner, ,md his words yvore not the product of any 
mechanical procedure bul "i 111' 1 i mammal ion ol the poet Laurence Lerner, 
seeking to show the vanity of any human attempt to make a machine think. 
What ARTHUR lacked, of course, was not the ability to manipulate words; he 
lacked the ability Lo understand them. 



Computational is Is have assumed thai language could, like mathematics, be 
purified. J 11 si lis the liui i ii.la I kins of uiallieuiafii s were slunvn lo he independent 
of physical reality, so the foundations of language, the universal grammar. 




such an assumption. '.\atuta]' languages dn not have tin - qualities of purely 
formal systems, the 1 .' ail' 'lot |ust ,i calculus. I ho 'aitil u i.il intelligentsia' gamed 
encouragement for their position from the successful development of 
programming languages like FORTRAN, COBOL and BASIC. But programming 
languages are forma] J. m; 1 , uac.es: thev ate o> 'signi .1 te hi ■ . om potable. The use of 
recognizable words such as PRINT and LIST does not mean that the computer 
understands ivhal ilie words 'print' and 'list' mean, these words are merely used 
as mnemonics for the benefit of the programmer. The;- could arbitrarily he 
i ll an^ed lo any oilier s\ illlnil WKKI' .uul Cy >NKII IF, say and si ill have I he 
same role, the same 'meaning'. 

least for the time being, deny oursekes because, by the 1970s, artificial 
intelligence was far more concerned with practicalities Ihan with principles. The 
landers of A I rosea n il. notably I lie military , yy ere bee, inning lo demand resulls. 
I ii Bril.nn. Ilv b.n n, i ■ [i- 'search y on in il, lyhn h al locales academic research 



funds, ™tn missioned a mathematician, lames l.ighlhill, In assess the field's 
prospoi Is. 1 le reported lli.il labornlorv results i on Id never lie roproilui ed in ilie 
'real world', because the real world is simpb too complex to reduce lo a formal 
grammar. The result was that lire Brilish programme ume to an almost 
complete halt. 



sound like an even mure ambitious aim than intelligence, in Lhal the hitler is 
u-uallv n ■;',.]]. Ii il as a pieii .pi isil.' :il lh.' !■ inner. However, cvperls Irom ear 
me. aan:; -; In • ■ 'iporali la'.vi 1- u-nlkillv '."I.-: Willi Wi II s:"ici Iked sels ol 111 I is 
and le' hnii[l;es. II tiles. 1 lilies and lei llilk| lies inula he iiidllled, Ihell perhaps 
the computer could reproduce some of the expertise, thereby automating 
increasinglv expensive activities. 

This shift d|' emphasis was reflected else where in computer researi h. Attempts 
were made to reproduce human senses, the ability lo recognize pallerns and 
objects, and lo idenlilv souiiii-. in m il :■ ■-■ a:' h. I he Mil i.i'.i ll i;'.i p.. i ■ via-, 
substituted with the word 'smart', a word I hat. at least within i em puling i ireles, 

technologies, such as new typos of radar. They were 'smart' only insofar as they 
could recognize a target and direel themselves towards il. They Were not 
' intelligent in any i luilleiigm;', meaning of Ihe word. 

In the 19ol)s, full-blown ambitions to a, hieve arlifi, ial intelligence resurfaced in 
what was promoted as a sort of substitute apace race between America and 
Japan. The objective: to develop Ihe first thinking 'fifth generation' computer. To 

programme under the auspices of Ihe Insiilute for Mow I ieneralum Computer 
Technology (known as ICOT for short - an acronym that seemed somewhat 
cheekily to echo Disney's EPCOT, 'experimental prototype community of 
tomorrow'). The Americans, meanwhile, instituted the Strategic Computing 
Program under the Defense Advanced Research Projects Agency, DARPA, the 
iigeu. v whii h 11,11 ,i rig in. ilk set up in M'jX loll Hiving Ihe- national bum i I ial ion el 
the Russians pulling Ihe Mrs! man in space. The competition between these two 
was probably as much a device lo reinforce political wills and budgetary 
eommilmeiils as an attempt to he the lirsf to reach a particular technological 
largel. In an) 1 ease, neither was able to take the giant leap for mankind. The 



Japanese proje. 1 Jiil mil produce, as Uu'\ say in ioolhall, a result. Hy Iho limn it 
was coming to the end of its lon-vear term, rescar, hers wore downplay iug till' 
idea of achieving ,i single br.vikihi ims;]i in favour oi thi' justification that it 
produced ,i loi oi inieresiing technological innovations along the way — the 
very same justification used whon various members oi (he US congress 
wonderod aloud wlial Ilio beuH'its of llu' NASA spa. e programme were. 



billion, and develop computers of a yet higher order oi complexity. 

Relic, line. Ihc n.ilienahslu element of these, projects, Hurope attempted ti 



thought. Certainly none have provided a serious candidate for the Turing lest. 
The OAieslion is whether lli.it is ,i result of some lund.imenl.il Mow in the whole 
1.1 fin. i'pt of arid i' i.il ir.lelke.en.v, . ii sim pl\ .: I .ldu re ul I lie technology. 

Turing himself predicted that by the year 2000 there would be a machine with a 
storage capacity of one billions bits that would have a 70 per cent chance of 

He is already wrong in terms of (he storage lap.uitv, underestimating by 
several orders of magnitude the storage uipacitv el future lomputers (he was 
writing, it should be re, ailed, before llle age of silicon i hips). But at Ipast this 
error seems to work in his favour, especially since Al researchers have, in their 



.i would its capacity lo think. Arid there is a very serious possibility that 
mputers will one dav mulch Ihi ■ pro. cs-ing power .nut sloi age capai itv of Ihe 



Hans Moravec, I lirei lor oi the Mobile Kohof Laboratory at Carnegie Mellon 

roUercoaster - of drought through what he sees as the unfolding story of 
robotics and A I. I 'ait oi his approach is lo draw graphs. „]| em ph.itic.illv pointed 
in an upward direction, com paring the s|>e, iiic.il ion ol diliorent ma. bines, both 
real anil imagined, and animal species. One graph, labelled 'Comparative 



1 omputalionul power and memory', compares bai ferial reprodut titin 
(prot essing power, about 111* bits per second; iapncit\, about K! 5 bits), the Cray 

2 supercomputer (JO 1 -, l(l IJ ), Ihe American public telephone sjslem (111 11 , LO') 
with a human being (10 l! , 111 1 -). 11 Another graph, entitled 'A century of 
computing' shows the iuelcH table gicm 111 ft i ompuliil^ power beginning with 
clockwork calculators such as lire analytical engine designed by Charles 
BabbagO (which Moravec dates to 1910, when lie reckons it would have been 
built had Babbage and his successors persisted with the project), which he rates 
as having a computational power related to cost of little more than manual 
calculation to the (.'ray 1 (a hypothetical machine at the time he wrote the book) 
which he rates at around 1,000 bits per second per dollar (at 1988 values). From 
Ihcre h.' draws a straight line lo around 111 bits per second per dollar, 
achievable by the vear 2.1110, which would mean the capability of prodming .1 
superi omputer with the same amount of i ompnlational power as a human, and 
on rip le around l:! 1 " bits per second per dollar b\ 2\1\), when it would be 
possible to built a personal com [•Liter with the i oiuputalional power of a human 

at a tost of a few thousand dollars. 

Murairi is a refreshing [hnraeler in an industry inclined lo hyperbole. His 
wildly oxlr.ivaganl esliru.ilions are hai kod up by prum solid assumptions and 
calculations (his book contains a complete appendix on his method of 

scientific conservatism He is what one mi;;ht ,all a slronj; coni].ufatioi.alisl; he 
sees no limit to the reach of computation, nor to the power of computers. He 
also uses his livperac live mind Lo perform some prelly weird llioughl 
e\perimenls, including one designed lo show how, when (he universe cools 
down, as cosmologisfs piedi. 1 it will, so the enety.v needed to perform a 
i i :mpulalio:i wil. : ci 11 . Mo rave, ; at 1 1 1 it. ■ s a plan loi dialing wr.h this ovoiv.uaatv: 
'Before it's too late (better hurry, there are only some trillions of years left!) we 
take some of the remaining organized energy in the universe and store it in a 
kind i'l batter'-.' Vloravo pin poses a beam ol photons pushing apart two 
mirrors suspended in space. 'The idea is lo use about halt the energy ill the 
battery to do T amount of thinking, thou to wait until (he universe is cold 
enough lo permit the tiitii;i>:itig energy lo support another T, and Bo on 

So, Momvec hopes, will the assumption thai sutticicnl computational power 
will produce intelligent e. One of (lie cle\ elopmeills I ha I reassured him was the 

indeed by conventional board games - the simplest systems can, given time 
and space, produce quite unexpected and surprisingly complex results. Perhaps 



for his doctorate at the 
lomputer Ihc 'Connectior 
of his ambitions, Thinkin 



configuration that took the form of a 12- dimensional cube. The result was a 
machine with immense raw compulrm', power, hut also ,1 power to mode] "ieal- 
wnild' phenomena. II i i hi Id allocate a processor ti> each •■lenient of tire 
phenomenon lo be modelled — say, one processor per particle in a swirl of 
smoke — and use the network lo rermuUu e their interactions. 

The Connei lion M.ichine looked like ,i von promising r.indid.ito for the sort of 
machine from which interesting phenomena mijdit emerge. Hillis himself 
explored this possibility in ,i p.iper published :n I l )W entitled 'I u lei licence :1s an 
emergent lieh.n ion r; or, die sonijs ol t-'deii 1 .' 1 'It ivould lie \ er\ i oiivonienl if 

eiuerj'oilee would suiyjost Lhdl such a network, once it toadied some critical 
mass, would spnriLinei'uslv he;'.i]r to think.' 

Hillis is quite sanguine about the concept of emergence. 'Emergence offers a 



hide the soul. 1 Tin. 1 j'.ho-l is re in I rod li. ed t:no the inc.: lime. H itlis nevertheless is 
a keen proponent of Al, seeing emergen, e .is pro\ idiiij; ,1 ,on\ onient new line of 
research into the subject. 



The emergoiHe Iheori nl in ti-l I if/'in o il Iheoiy is nol It 
— is part of whal has hewn called the 'eorme, timiL; 
'Clonnri tionism' is yet further proof uf tin.' metaphorical allure of prevailing 
iechnolog', . In llii' I 'Jul Is .mil ]07|ls, rosea r, hers hoped In Mini in li'll ic/'n. e in I hi' 
computer. In Lhe I'HK the era of the global telephone system and the 
'toloworker', tllo secret lay in the network. The mind lav in the (■rain's wiring, a 
property ol I lie brain lli.il mil Id lie casiU reproduced in a compiler by i real in); 
what came to be called a 'neural net', a network of simulated neurons that could 
Interact with each ether in the u a\ hiologu al neurons interact. 

[h rough, ill I it 1 - short Itislnrv. arhl k ial inlclhgen. e ix'^i '.i i\ h has engaged in Lwo 
quiLe different enterprises: aLli'mpling to use computers to reproduce 1 
in hi I ii'.rii. r hi haviour .ii.- I iviiv. I. . .1 . .'. .t uhi lh.et lb i ■ mind .; • emputot. 
Tho iornn'r is sometimes known as 'weak' AI, the latter as 'strong' AI. 
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I r. I''n.">. i vi ih '-"pin i Hake it I -i' ■• ! ns wrote a paper lor tin - K.;nd 

Corpora I inn t ailed 'All hi'my and artilk ■ . 1 1 inlL'l ligonco' in which he allackoil I In' 
increasing enthusiasm among AI researchers tor developing programs that 
played gaiui's slh h as chess. This ivas, Dreyfus argur'd, no niori' evidence that 
the Lomputer Has approui hing a state ot iilli'l ligonco than a monkey dim king a 
tree was neaicr reaching lhe moon. In what eame li> he known as I'.M'Iklir 
Drnffiia, ho rashly look up a challenge to play a computer at chess, and lost, a 
result that the AI community gleefully reported under the heading 'A ten year 
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intelligence? Wiry is not the ability of mechanically reproducing 'int 

computer? Perhaps, as Dreyfus suggested following his defeat, 16 there are two 
ways of playing the game, mechanically or inspiralionalU . Perhaps a chess 
game is not the dispin; ol intelligem o thai i lu-ss enthusiast assume it to be. For 
Drevfus, the point remained that the attempt to create a 'disembodied' 
intelligence, a pure s\ mhol manipulating language maihine, was ritinnlpd 



hi 'i a use iill.'llLi^'ini' is iillimalely eonnei ted with Lhc human system th.it 

emodies it. 

Much is made of the distinct inn between strong' and 'weak' artificial 
intelligence, but one has to ask whether the; an.', as the terms imply, really at 
two ends of a single srale. Weak A] slates thai iiimpuli'rs «n mimic intelligent 
behaviour. But so can a speak-y our- weight machine. So what would be different 




In his quite unexpected assault on artificial intelligence, Roger Penrose did not 
even bother with weak AI. He concentrated on developing a robust argument 

mathematics at Oxford University and Stephen Hawking's one-time 

the way Hans Moravec is. In his book The Emperor's Niw Mind, published in 
1989, he imagined til.' hull ding of a i onipulor called tin- 'Ultroiric' with 10 17 logic- 
units. 'That's more than the number of neurons in the combined brains of 
everyone in the enlire reunify . beagled llie Ulln :ni. '^ designer. 17 Even this, 
Penrose hypothesised, could never answer a simple question about its own 
feelings. 

But Penrose's scepticism about AI is not that it is overly impressed with big 
numbers. It is the compulalionulist view Ilia I is his target. 'Tin' belief seems to be 
widespread,' lie wrote, 'thai . . . "e\ er\ thing is a digital rinlipuler". II is in\ 
contention ... to try to show why, and perhaps how, this need mi! be. the ease.' 1! 



Penrose's oii'Ue at the Oxford Uimersitl Vlatheinalii al Institute is i li.uis: even 
horizontal surface is covered in a , hitler of papers and books, every vertical 
surface is covered in mathemaiiral graffiti. A f lullj wood set designer could not 
have done a better job at recreating what mosL of us would imagine a 
mathematician's office (o be like, hvcept there is no computer. This is not, 
Penrose i limns, a sign of repressed tei lino|ihohia, hut a refleition of Ins belief 
that there is more lo ma I hen v, Ik s I hair lompulalion. 

! 1 1 1 1 ' pill ■:■ "I evi.a IV '■ 111- -applies I:'!' fill 1 - i:li'T.ll\ 11-'^ vJiul ha- in m.ui\ 

respects becomi' 111. 1 svmhol of .oiiipiil.itn'iialisiii: the Mandelbrot set. The 
procedure used lo generate the set is simple. You lake a number, square il, 



square the result and acid lhe number you started with, square Ikal result and 
add the number you started with and mi on. Performing this procedure with 
different starting numbers, Mandelbrot discovered that some numbers 
produced a series of new values thai spiralled on up to infinity, while other 
numbers would settle down to a single result. The numbers that do not spiral off 
to infinity are the ones Lti.iL fall i\ itliiu Llie set. in order Lo examine it tliere in as 

any interesting feature common to the numbers that fall within the set, 

'iterations' (successive squaring and adding operations) it look for the number 
to setde down to a fixed result. 

Given a starting number, is Iheir any w.iv el -allino whether it belongs to the 
set? Obviously, you cannot rely on waiting for a result, because it could only 

particles in the universe times a googol times a googol iterations - or it may 
never appear, which y» will only discover alter having carried on iterating for 
ever. No, what you need is an algorithm thai will piedU I whether or not the 
starting number is a member of Lhe seL, and, I'enrose pointed nut, at the time he 
was writing, no such algorithm existed. 

The purpose of the demonstration was not to denigrate the Mandelbrot set, 
though there lan be little doubt that he , hose it precisely because of its 
association with computing enthusiasts. It was to show thai there exists a sort of 
'Platonic' realm (named after Halo) quite separate from lhe physical realm, 
where there exists objects such as lhe Mandelbrot set. These objects are not 
invented by mathematicians, they are distwered. for example, the number pi (the 
ratio of a circle's circumference to its diameter) has an infinite number of 

cannot predict what number will be at a particular decimal place without 
winking lhe number out lo lhat level of accural v. Suppose, then, no one ever 
bothered to work out pi to a googol decimal phu es. Is the proposition that the 
number at that del imal phue is. say, true or false? [I you are, as they say, an 
'intuitionist' and believe that numbers are invented as mathematicians carr}' out 
their calculations, and therefore do not exist independently of human 
knowledge of them, then the answer is neither. I'enrose, however, is a Platonist 
He believes that mathematical objects have independent existence, and the 



it In e\er finer degrees ill detail. Platonic reality, in iillii'r words, laiulot lie 
explored by Computer all mi-; In truly discover its secrets, you need insight. 

Penrose's proof of Ihis relics sn ■ I inilni; 1 . Ihol .1 nth ni''tii" (or any 'formal 

system') must contain .1 proposition thill 1 annul hi' arithmetically proved. Such a 
proposition has to bo true, even though the system that produced it cannot 
prove it to be true. It is this truth which, Penrose argues, can only be seen from 




set up a formal system' Our guide in dividing on tiro rules to adopt must 
always be our iirtn ili\ ■:■ 11 nd.i stand ir.; 1 , : ■! wh.il .■- 'Mil-.'' :.;.'ntlv true", given the 
' nv.iniji;'.-" ..[ tli.' -vir.onl- : il the system.' 19 



Together, he and his lather tried to simulate si'li-ropriidtu linn, complete with a 
crude fonn of genetics, using hnnn'-madi' wooden mode] 'molecules'. In 1958, 
thev published dtvovin!> ■■: .111 'nri|i: ■ ■-. -i l I I -: ■ staircase' and impossible triangle', 
optical illusions popularised by 1 In' artist Pscher, whose images were to become 
icons of the logical circularities and paradoxes identified by Godel, which 
Penrose cited as evidence for the need fin niatheiiiatnal insight. He also 
designed sels of tiles which could nicer a surface of am' si/e in a pattern that at 

no point repeats itself — and even [■imterupl.ited marketing them as a floor 
covering. 

There is nothing in particular that links these ideas, except that they are 

'Ascending and dose en dim 1 ,', wo see litres o! robotic .11 a lines marching up and 
down a perpetual staircase ai lairiu ai in a rectangle, with the Lop step of each 
flight becoming the bottom nl the next. It is a porspei lival trick, a mere illusion, 
yet one which feels like genuine entrapment into the closed loop of formal 
svstems, systems which seim b 'i nn Is ,iKv t rapped ti|i in tireir self-contained, 
self-referential worlds. Yet, as Penrose showed in his drawings, we can scf that 
they are stuck in a loop. 

The idea that Godel's theorem in some way proves the impossibility of 
mechanical minds is not new. The British philosopher John Lucas introduced 



the idea in his l%[ piper 'Minds, map [lines, jud f.ndel.-' 'At one's (itsl and 
simplest attempts to philosophize,' l.ucas wrote, 'one becomes entangled in 
questions of whether when imp knows somi'ihing one knows lhat one knows it, 
and what, when one is thinking nl onosell, is being thought about, find what is 
do in.; the thinking'. An entanglement indeed, one whkh i.in be expressed in the 
form of ditty; 

Often I have sat arid thought, Philosophically, 

Am 1 the author oltliat I bought ( )r is it the author of me? 

Who knows? Which is, of course, the point. 'The paradoxes of consciousness 
arise because a conscious being cm he aware of itself, as well as of other things, 
and yet cannot really be constructed as divisible into parts', wrote Lucas. 'It 
means that a conscious being can deal with tiodelian questions in a way that a 
machine cannot, because a conscious being can both consider itself and its 
performance and yet not be other than that which did the performance.' 

Several elegant attempts to refute Lucas's argument were oudined by Douglas 
Hofstadter in his classic exploration of the nature of self- reference and strange 
loops, Gud, EscJicr, fiih'ic (;;;■ :fAdti< hital. Hofstadter had a spell writing 

the Scientific American column written previously by Martin Gardner and 
subsequently by A. K. Dewdnev. And, like the others, he is a keen member of 
what might be palled the IVurosr' school pit mathematics, delighting in the 
e\eri isi' nl m.illiem.itii ,il insight, in the pl.u iipg ol I lie game. 

HpifsladtiT is, ahpH ['all, the maslp'r thought experimenter. There is no argumenl 
that is immune from being ri'siated in terms of a hypothetical event, usually 
taking the form of ft mop k Plalonii dialogue between i ha rapiers with punning 
names and an in op cinplialip niople of expression. Sin li a p ha rap lor is 'Loop us the 
Thinker'. Onp' dd\ I ooius, who lias led a shi'ltp'red lifi', encounters a woman. 
Such a thing hi' has nc or seen befpire, and .il first he is wondrous Ihrilh'd at her 
likeness to himself; but dien, slightly scared of her as well, he cries to aU the men 
about him, "Behold! I pan k'oh upon her hue, whkh is something size cannot do 
-therefore women can never be like me!'" Nut to be so easily dismissed, the 
woman sm.nllv i.pl ip's- V. s. vou , a:i so,- mv I. He. whk h i-i s; u-.ii -Iking I can't do 
— but I can see vp'iir lap' 1 , whlph is somi'thmg i/cu pdti'l dol We're even.' 21 
Loocus, in other words overestimates the power of tin' human mind to perform 
the 'paradox of consciousness', hi be ,tware of itself. 

The artificial intelligence debate is a bit like Penrose's impossible staircase: a 
constant uphill struggle that gets you nowhere. Its importance here is whether 
or ni'l tin - compu:,il]i'nui;sl position noiiK whether or not 111' 1 universe reallv is 



a computer. Penrose's answer In lhaL quesLitm is ,m emphatic 'no'. In Ihis hp is 
doiiiiilek swimming against a strong ikle of opinion. 



Anglia University Jew rihes Ihealre as a 'complex aesthetic machine, dedicated 

10 [ In ■ lepresenlnlinn ol III,' imaginable Ihroiigh perlorm.mi <•'.-- furthermore, il 
is a machine that, 11 it ion i-ngni's, could be ii si 'J ii) rcpio.lmi' intelligence. Just as 

11 enables actors to play t ha rat tins thai art' more intelligent than Lhemselves, a 
similar sort nl representational nm luinism could be used lo reproduce 
inlolligen.cn in a computer. 

It is an intriguing suggestion, with mut h In recommend it. However, what such 
a mechanism will succeed in doing is not !!,':;;,■ intelligence but imitate it. 
Simulalion is onh" possible whore IhiT' 1 i- a malhomatk al model, a virlual 
machine, represent in g Iho system being simulated, theatre is nol a machine, at 
least, il has not been proven to be so — which is whv il is such a powerful 

The obsessive - and, I would argue, fruidess - quest to reproduce human 
consciousness and intelligence is not a sensible compulatioiialist target. 

- and certainly not measured, as supporters of the IQ test assume it can be. 
However, this is no mine .1 ■ .ltaslrophu limitation to the computalionalisl 
dream than is the inability ol computers 1.. model beauty or charm. Such 
qualities are simply nol scientific properties or mathematical parameters. The 
study of non-linear sysioms has shown 1 ha 1 (he mosi natural, apparently non- 




oul lo be computable. 



Even if one accepts the role of humans as a unique case, die observer that is 
necessary in any closed system lo save il from Gcidel's theorem, and even if one 

mathematically described without being computable (ultimately, what he hopes 
will prove die case with human intelligence), oven if one accepts these things, 
most of the world we live will still yield, in principle il not in practice, to 
simulation. Indeed, the physical realm 1 oukl be regarded as a simulation of a 
deeper, purer reality — a virtual realilv. Virtual realists 1 erkiinly believe il to be 



so. Kiir litem, Ii.iii Sullied, mil's lii'.ul mounted ilispl.n is more tli.nt .1 }',kiril ieil 
VDU. II is the (ntirliil in til :i now, unexplored w orkl; into eybetSpace. 
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6 

CYBERSPACE 



'Cyberspace has a nice buzz to it, 1 said William Gibson, recalling his use of the 
term in his fiction, 'it's something di.it tin iiilvi-rtisiii}; man might of thought Up, 
and when I got it 1 know that it was slick and essen t i.i 1 1 v hollow and that I'd 
have to fill it up with meaning.' 1 By the beginning of the 1990s it was so full of 
meaning, it was fit to burst. In his original use of the term in Neuromtmcer, 

daily life. With cyberspace as I describe it you can literally wrap yourself in 
media and not have to see what's really going on around you.' 

It was a fictional rendition of Ivan Sutherland's original concept of the 'ultimate 
display', a form of display that presented infonnation to all the senses in a form 
of total immersion. However, Gibson had extended Sutherland's idea of a 

of information: 'A graphic representation of data .ibstracted from the banks of 
everv , ompiiler in tin - hum, in svslem. Until in i>.iHe i . i:npli-Mt\ ■ I ines H l: ; 'Jil 
ranged in tin' nonspace of I lie mind, i lusters and l onslel lulkins ol data. ] ike cit\ 

lights receding. ' 2 

that was open to exploration and, ultimately, settlement. 'Cyberspace . .. is 
preset! tl j' Miliabili'd almost cm Insively by mountain men, desperados and 
vigilantes, kind of a rough bunch', said John Perry Harlow. 'And, as long as 
that's the case, it's gonna be the Law of the Wild in there. . . . Whenever you 




is to make it inhabitable by ordinary settlers. You know, move the homesteaders 
in.' 3 To do this, Barlow had even set up the Electronic Frontier Foundation with 
Mitch Kapor, the founder of the software house Lotus, one of the most 
successful companies to emerge out of the personal computer era and one, 




Kit licinl Slallnian for iLs 



In the twilight of the spate age, cyberspace was becoming the new final frontier, 
and virtual reality was the Enterprise. NASA's key role in the development of the 
technology, right at the tune of the Challenger and Hubble humiliations, when the 




What, then, is cyberspace' The actual term is technically unimportant. Other 




that yields very little. A inoic productive straU'j'.v is to try to discover why the 
terms have acquired such currency. How did a word lhal Gibson had thrown 
into his work almo-il wisuallv '.'hen ho coined li acquire, within a few } r ears, 
such value? 



than a village. '* 'After three thousand years of explosion, by means of 
fragmentary and me, hank a] to lirinlogies, the Western world is imploding. 
I )u Kni', the mil li.inii.il nges »r li.ul extended our bodies in s|>.ui'. Tod.o, altcr 
more than a century of electric technology, we have extended our central 
nervous sjslem itself in a global omhi.Ke. ■iholi'-hini; bolli space and lime as far 
as our planet is concerned.' 

Neglected in the 1970s, when Iho world was probably loo diverted by shortages 
of 1'ilergv lo null em itself with klons of el is Irk a] , onti .n I km, 111 is lom ept of I lie 
global village began to become fashionable again in the 1980s. It was seen as the 
perfect expression of die new era of world finance and international telephone 
networks. In the 1980s, the financial system had migrated onto computer and 

capable of carding data and voice, creating the conditions lhal produced the 
October 1987 stock market crash, where a fall in the New York stock exchange 
precipitated a collapse in prices thai Iripped oil markets around the world 
within hours. 'In principle,' wrote Mark Poster, a Californian professor of 



Iiistori, in I'WO, 'information is inn. insl.inlli <iiiiil.il.lt' .ill in pr the j.ltil.c and 
may he Stored and retrieved .is long .is fie. trii ill is nviiil.ihlo. Time .ni.l s|>.n em. 
longer restrict the exchange nf information. M.I .nhan's "global village" is 
lechnicalh loasihlo." 1 



The imagery of the 'global \ ill.ige' is se.lu. the, sn ggoshng the technology 




the Scottish Highlands. Corlain white .till.ir |tihs. claim the global villagers, 
entail nothing more than lln ■ '■•change nl mlnrmation — meetings, paperwork, 
taking decisions - all of which can easily he communicated over the telephone 



new Ivpe ,1: posl-in,:iisl rial working cm i ronincn I. He i,HV le, hnolog\ .is ,in 
extension of the hodv. lusl as the wheel is an exlension nl the loot, the telescope 

nervous sj'stcm. So, as the communications network has spread across the 
streli lies ,n ross the whole world - IV e ha Co brea. hed I lie terminating harrier of' 

the skin. 



The technology that has made this ]iossihle is the network. Networks are not 




fihre, by radio and nil. rowave. In com pit ling, il is tli.' no. work that is seen as 
providing the next i\je.it step in Ihe let hnol, '.'.'.v's inevitable progress. Personal 
i nm puling will bciomo whal Sieve [ohs has dubhe.l 'inlei juTsoiuil i nm pn I in;','. 



Research Projects Agency, ARPA. This ARPAnet was originally designed to 
allow ARPA research, I" sh,iie il.ua. hnt was mcici^mglv used to exchange 
messages, which in turn helped develop a sense ol community between the 



geographically scattered centres they worked in. This wan, in a sense, the 
world's first 'virtual' conimuniu , existing onb iii its interaction over ARPAnet. 

ARPAnet developed in fwo dm. lions; il j'.rew outwards, lo span the entire 
globe, aiming to be called Internet. Internet is, for many, the model of what 
virtual communities can be like, ("leographv is irrelevant — so there are no 
'backwaters', no 'provinces' deluded hv the central metropolis. Hierarchy is 
irrelevant, because everyone lias equal access to the network, and everyone is 
free to tommunica te with as few or as many people as they like. 

Alvl'Anot also (Oiiira, led. inspiring llie del elopitieul ol the world's lirst 'loi.il 
.ni'.i' network, 'l'llieinet'. As the word 'loial' implies, i;oogr.iph\ h.is n.it ,pi:lo 
been rendered irrelevant by telecommunication networks. The more 

able to create a much richer form of comnumiuilum between the individual 
users, so rich, in fact, that on well-implemented local area networks, the 
distinction between e,uh user's personal svstem and the network begins to blur. 
What belongs lo whotr. in terms : :l 1 1|. ■- ,in,l i .1. 1 1 1 ■_ : ■ - -. depi n,l- not on . phvsii .il 
location inside any particular machine, but upon ihe way it is organized across 
the LAN, In 1991, NeXT, the computer company set up by Steven Jobs after his 

NeXT computers to act as a single, virtual su pen 0111 puter. A network ol 100 
NeXT machines was, according to /ilia's designer Ru hard Crandall, as 
powerful as a Cray 2, then the most powerful su pen. omputor in the world. A 
Zilla computer could, lurthermore, have its power distributed between offices 
across Ihe globe. With the deU'lopmeut ol uptii.il lihre, whkh oilers almost 
limidess bandwidth, as an alternative lo wire, the possibility arose drat this new 
1 1 'itn ul 'inlei pi ;siin.i.' 1. 1:1-1 pulin;', would Huh' rend.'i ■ ';\raphv irrelevant and 
aUow new forms of social as weU as commercial interaction to emerge. 

In the mid 1980s, NASA's Human Factors Research Division began working on 
developing what it provocatively called 'telepresence'. Telepresence was 
originally promoted .is a wuv ol controlling robots. Since it is better to send 
machines than humans into hazardous environments like space, the NASA 
research team aimed to pnw ide a wrap-around te.hnolog\ that would give the 
machine operator the feeling of 'being' in Ihe place of the machine being 
operated. If, for example, a robot was being used to repair an external 
component on a shuttle or space station, the robot's cameras would be 
lonnecleil lo a hoail-mouiiloi.1 ilispkn so that the wearer could see what he or 



of hinges and stmts clamped lo the bod\, like an articulated splint) could be 
used to reproduce the wearer's movements in the robot's arm and hand or to 
provide tactile feedhu k. resisting the wearer's movements in accordance with 
the pressure exerted on the robot's limbs when it picks up an objeet. A 
sufficiently rich com mun icaLion between the operator and the robot would, the 
NASA team hoped, result in the robot essentially becoming the operator's body; 
he or she would he 'li b 'present', niMai'.llv li.iii-p"i tod I" wherever the robot was 

Since the communk alion between robot and opera Lor is via an information link, 
perhaps you could be tele present aiiyw hen', just plug the helmet and some sort 
ol sensorv bodvso. !• into the leli phone .111. 1 television network and you would 
be away, literally, disc >ve 11 nc, tin- true nicirn 111;', ol Mel .Lilian's limitless 
sensorium. No more watching television, but, as William Gibson put it, 'doing' 

Is this, then, cyberspace? Is tliere really some sort of space, some sort of 
independent realm rivaled by tin' interr onneelion of the world's information 
systems 1 Is this a molaphorn ,il ^pai c or a real one? 



Conventionally, we think ol networks as (ran span 'nt, as systems for conveying 
messages from one h 11 in. in be in;', to .in. 'tin -r w 1 tin 'ill in .inv way shaping their 
me.innn 1 ,. M; I uh.in'- • •■.h.i ■ , .i: , .ii ■ "iitribu lion t; ■ Ike rr.i il i.; .lgi ■ was the phr.ise; 
'The medium is the message.' What he meant was that networks (or media — in 
other words, systems ior earn iug information) are noi iransparent. Television is 
not a window on the world, it does not simply show its audience pictures of 
events that happen lo be taking plaie elsewhere. Rather, it actually has a role in 
determining what the audiences see and how they make sense of it. A game 
show or soap opera is not .1 natural even I; it has been • roa led specifically for the 
cameras, and only makes sense if seen on TV. (Studio audiences, one might 
think, are watching the event 'for real', but in i'ai t they need the prompting of an 
army of studio mnnai'.iT- ..ml warm -11 p .1 rtisN I" m.iki ■ 11 p lor what is, in fact, a 
very unreal event, constantly interrupted by retakes, filmed inserts and 

On 20 July, 1989, Wes Thomas, publicist for die magazine Motldo 2000, claimed 
that he had 'unleashed I he world's i'irsi media virus'." An unspecified souree had 
told him of the spread of ,1 p.i rtiui l.nb dangerous romputer virus, variously 
called 'October 12', 'Dalai.- lime' and 'Columbus Day". A computer virus is 



extraordinarily like a biological one. A biological virus is a small strand of 
geiioli, mde thai uses the hosl organism's r.'jilU .lliii)', mechanism tn prndiue 
copies of itself, which are then spread lo other host organisms via whatever 
medium they are able to use — say, the evchunge ol bodv lluids, as seems to be 
the ease wilh HIV. A computer virus is similarly ,1 slrand of code, a computer 
program, lhat uses the computer's replicating inn Iran ism to produce copies of 
itself, whidi are then spread to oilier host computers via whatever medium they 



programmer for mis. hievous purposes, wlri-ieas the Lilac arises sponlaneouslv 

I homas sen I ,1 note via elci tii mi i;" i-i.n. I" two i jiii'. them I" news 

of the computer virus, which he -..iKi ■•! iiend'/ disi nveivd would activate on 12 
October in any year and wipe out the host lompu lei's disk drives on the 13th, 
which in 1989 happened to fall on a Friday. As soon as the story appeared in the 
Sim Francisco Lxaimner, it was picked up by the world's press agencies. 
According to Thomas, the t'NM cable news sen ice (often described as the 
global village's local TV station) announced that 'all PC" lomputers would be 
wiped out at 12.01am on October 13th 1 . The British tabloid, Dflifi/ Star, even 
featured the story on (he front pag,e of its 5 October issue, anticipating (he 
Spread of a 'doomsday computer bug', and (he KKC carried a news item on 13 
October on the anticipated epidemic, which, as it turned out, amounted to no 
more than an outbreak of irregular behaviour on a computer a! the Royal 
National Institute for the Hlind. 

The interesting feature of the Friday lire 13lh virus was, of course, the way lhat 

spread of the program itself. Thomas had released a slor)' ihat was evidently 
highly contagious. Besides being a date of Christian significance (13 being the 
number at the Last Supper, and Friday the day of the Crucifixion), Friday the 
13th had far more popular signiiii ance as the name of a successful series of 
Hollywood horror movies. The All IS scare hail also increased awareness of the 
ill real ol vi ruses, hi the era ol antibiotics and \uc. ines, the public perception of 
infection in countries like Britain and America had been that it was basically 
controllable, despite (he conlimions background presence of venereal disease. 
Pew people realized just how little control medicine had over viral disease. 
AIDS i hanged all Ihai. II also disinterred old altitudes aboul Ihe links between 

disease and sin. The term 'virus' was no longer simply a medical term, like 
'bacteria 1 ; it had suddenly aLijuhvd a moral resonance. IL was a resonance thai 



was easily transferred to the computer virus. Like AIDS, we were all threatened 
with being la in It -J Iw I lit' li.n ker's lack of moral livgionc. I rite! lion was guilt. 

The technological as well as the social climate provided the Friday the 13th virus 
ivith perle. I hreedini; i auditions. Sirue I lie iiileniiitionnl .11 1 eptam e ol ttu' llilvf 
Personal Computer as ,1 fochnkal standard, the vast majority ol personal 
computers had become functionally identii al: a horn ogen eons 'species' had, in 
other words, emerged with very little variation to protect il from opporlunistie 
inleilion. Worse, this lecluiologii.il monoculture was bolli Llis|iersed, used 
a, loss the Western world bj the self-em ploved aiul the multinational alike, and 

bulletin hoards. The release ol a virus capable of efficient reproduction in such 

Rut not thai much damage, because the stoiy hail smh iiiylhiial potent v. tin' 
technical threat of the computer virus was wildly overstated by the news 
coverage. The world portrayed as under the greatest threat, the world of the 

corporations get most ol their software from authorized channels. The most 
vulnerable users were those who regularly swapped illicit software — the 
hackers, in other words, who were hesl able to sp.". anv -uy.ns of infection and 
deal with lliem, and who in main people's eves would be lire deserving vieiims 



■ significant than the imp.n t of tin 1 Frid.o the |1lh virus was the increasing 
expressed by writers like Thomas, that tin' international media 
network was, like the coin pilfer network, not merely a passho 1 0111 ill 11 air a I ions 
system hut an environment thai, in many respecls, had a life of ils own. The 
virus story was a global village phenomenon. AIDS, a global village disease 

increasingly homogenized by global 
speed ••! turnover ••! the news uiynd 
other words, evidence nl the emergence ol an artificial environment — 
something thai M. i ulian himself anticipated. 

According to Richard Dawkius, a zoologist al Oxford University and the author 
of The Selfish Gene, 7 a feature common to all forms of life is the replicator, a 
mechanism that can More inlormulU'r. and re pi i. ate it. The replicator for natural 
hi. 1 ;s I he .'.enc. 1n.iL.l1 ■ up ol I '\ A. ,\n mi p. a Ian I d i-ar.eL; :r. r.i .'.is Li be 
established in order to understand the concept ol' the replicator. There is the 
information lo hi' replicated, .ailed tin' genol\ pe, and the product of that 



information being 'expressed', [he pllouotype. Tile information encoded in the 
gone is the genotype. The organism it produces is the phonotypo. The 
phenotype can be thought of as a sot of tools wh« h arc there to make copies of 
(he genotype. Our bodies. ,ilong with their reproductive apparatus, are the most 
obvious pllenolypk expression (it our genes. I Xaiv kills < ailed his liook I'll, - .v/.'isll 
UCJIC because, from a zoological pcrspCL live, living organisms are tire product 

and servant of their genes. The { 
plii 'tiotvpes to] 1 reproduction do best, 

because lliey .ire parasitical, the;- do not come p.n kagod u'ilh the means o( 
ph.i'ii"l\ |^i. i a p"' 'ii . Nev. 'ilheli ss n is to imagine ,i rei inemonl ol th.' 
1. 1 'ill pn I' 1 r vnii- li> in iw^iith '.villi lire e.cnelvpi ■/ pjuin :lvp. ■ model, lb- 
virus program can be IhoLiehi ei ns the gonolvpe, and tire effect it has on the 



" >m r 



Ill' ■ "i ii'.in.i: ■ 0:11 on lit virus o:"o :am dial, when exn u li d. prodiiiv- a 
phenol\po that l npies the virus more effi, ienth. The resull would he the 
begimiings of evolution. 



reassure uursebes v, ilh I lie thiuii;hl tli.il sin li .1 hi el on 11 u ill pontine ilsell tu I he 
realm of computers. Let us extrapolate further b\ introducing one of the most 
po'.vcilul of I Xaukn'.s's nleas: lh.it of 1)1 e exloilileil pheiuil\ pe. 



the beaver gene's chances of ivpri'duction. bv the same token, could not a 
1 em pu Lei vi 1 us I'ltihv some sort ol 1 .-.lendi .il phi .nolvpe ' Su ppL'se. I01 example, 
thill a m 11 1,1 ted virus 1 an soil the host svstom to heha\c in a wav that prom pled 
the computer user to indulge in some particularly vigorous file copying 
(perhaps it causes the system to crash a couple of times, which encourages the 
user to make more K11 hup copies of in fit ted files). Such a virus could spread 
further, and would, do so because il, unlike other viruses, had evolved a 
mechanism for manipulating tin-world be\otnl the computer. 



There is mi 11 l li si nl In suppose thai 1'Volution would slop there. Huniiiri users 
provide a perfect means ol' arijuiring new reproductive resources. They are 
influenced by the eompulers —otherwise ihi'j would not use them — and could 
therefore be used in an; vv,i\ lli.it L'siapos obvious deled ion to aid a particular 
virus's spread. This does mil mean Lhal l i ruses ivnuld turn lomputer users into 
mindless servants, any more than biological \ irusos that use us, as they surely 
do. In spread, have turned us into mindless servants. Tin- point is that 
replicators are almost hv di ■! niitinri oppottLtnisliL . Sim L .ssl ul ones will lake any 
opportunity they ean to spread; that is what made them successful and is the 
reason the}', unlike nil the unsuccessful ones haw survived and evolved. 

Although there is very little evidence that sui h replicators have yet colonized 
our computer systems. un the s.nni' d.iv lhat Wos Thnm.is's media virus swept 
the globe, an event oc. lined that did seem tn .mil inn that something 
mvslei ions i\ as spu (idai; 1 , llu"u;'.h ll'-' ■ I'.lohul village. 



On Friday, B October, IWy Wall Street twin into free fall, I h rowing the world's 
I ui.ini Lil m.nki Is .i-ite a stall' ol ihiios whk h. loi manv doali-is, i ail.m^.k 
recalled I he dark ilavs ol October Tin' str.mgi' .ispei f ol tin' l')8') i rash was, 



World. 'An isolated sequence, driven by ,.„„ ts perhaps? An illogical fall with a 
fast return to reason'.' Or, a , hi! I ill;', thought, the reverse?'' 

There was nn possibility that Ihe trigger was the computer virus. Computers 



thiesholds, which triii,i»,ered off yet more selling. This time, hov 
computim; equivalent of lire breaks should have ensured thai such 
trading systems were under control. 

One possible cause, however, that the markets did not contemplate - perhaps 

hard to relate the movement of the markets to real economic conditions. Japan's 
Nikkei inile\, lor example, sulleivd terrible kills in following years, despili- the 
country's robust ivonomic performance. Similarly, the Brilish stotk market 



reached new hij;hs ivliilo a persistently weak hoiwiiiv w 
periodic slumps. 

I h"ii;',h -I"' k mark.- 1- have ^hv,',v. heh.ive.l 11 npredi. lab 
i om I ill Icii.'L'i I. I'.lobalh uelu arked markets are l.ir more v 
bo a diminisliinj; relationship between the value of a con 
actual performance. The 'casino economy', as leftist c 



the early eighteenth century: durin S the Napoleonic and the First World Wars." 
This limi' it was f.oiio lor I'.ood, killed oft by tin- world depression lh.it Followed 
the first Wall Street crash of October 1929. 

The gold standard iv.is a stahili/ini', measure designed to provide a fixed 
measure of money's value by relating it to a fixed quantity of gold. It meant that 
the purelv svmholic nature ol paper monei was anchored in somelhin)', Ili.it was 
regarded us having inheronl material value. However, for mmiiiiiii reasons, 
this was a system lli.il tin' British I'.overnmenl could not sustain while the 
iH-onomii order lollapsed around it. One n 1 i ; ■„! i t have thought this was tile lirllc 
when something as fixed and lertain as gold was worth its weight as a form of 



The abandonment of the gold standard li.is Inrrn'd nioncj into a purely abslraet 
aaantily, a symbol. A deficit is no different to a surplus, except that the 
mathemalit al sign tor one is ,i minus, for the other a plus. Km lunge lias beioine 
.i.i .i rillnni li. .'J . oiTrlalieir it mv aal.mce M s li p by -o much, wins must come 



abstraction has reached its purosl expression. Junk bonds, paper billion. 



computer, part of the reason that for many it is now meaningless, even 

worthless, .1 term ill pare abslrait s\ mbol ism [lull bears no relation tu 
productive effort or material rewards, li exists in another realm, the same realm 
as Ihe media virus — in cyberspace. 



Perhaps cyberspace, then, is — literally — where the money is. Perhaps it is also 
the place where events int reasinglv happen, where our lives and fates are 




pro;; ram in in;;. <i blip in .in early warn in;; system tan release a missile. 



The power of this realm tomes (torn its unmet ledness. II is a continuum, not a 
series of discrete systems thai at I independently 

of each other. Blips are not isolated events. Accelerated and amplified by 
el eel rt mi its, lhe\ are the result of' [he snhlle in If rat lions of [he millions ol hits ol 
data that flow through the world's networks, rial he mi ore, anyone connected to 
these networks, he thev a hum hie telephone snhst iiher or TV viewer, 
participates in such events. No one can avoid becoming active citizens of 
cyberspace. 

To people who have been involved in com put in;;, and in particular personal 
computing, in the i'WOs, such t iti/enrv is no mere matter of theoretical 
speculation, it is verv real. In I ''$1. I visited I al norma lor ihe weeklv computer 
trade newspaper D<il<iiink. The magazine's ethior, liny Kewney, and 1 decided to 
use the trip as an opportunity to try out a new way .if communicating test that 
would avoid the dela\ and inconvenient e ol reading ihe articles over the phone 
(this was at a lime when faxes were still relatively rare, even in California). 

I typed up my articles on an ( >sbome-l portable mi. rncomp liter. About Ihe size 
of my tightly- pa eked suiUase, and almost as heavy, it would have probably 
been easier to lug around an IBM gollkill tvpewriier, bui I needed to have my 
test in 'machine- rem I able', word-processed form, not typed on paper, because I 

in the UK called 'Gold'. Once connected, I sent the file thai contained the text of 
my article down Ihe line to Gold, width filed il away in ils own computer for 
retrieval by colleagues at the office. 



The result was instant, international HHiiiiiuniiaLiim, ami, in llu' following few 
years, [I l«,imr a standard means I nr reporters Id l ilt' their iop\ . particularly so 
as the weight of portable computers decreased. [I was just imc of a growing 
numlm of ways lh.it umipiili'is .unl tele, omnmnii alii>ns mmhined lo change 
working practices. Academics used Lhe ever-spreading networks lo 
mmmunicatc uilli llieir peers In I'h'i ti.nik mail, Businesses began lo dial up 
databases ol stock market prices, press iiitlings or company a, counts. Indeed, 

telephone companies, they were 'telecommunications' companies, their 
networks were no longer just for voice, they were for .my kind of data. 

Computer users wen- pi ugged ■-Irnighl inl.. t It i-- .■rnwlh in telecommunications. 
Mar.'.' linked up to 111. 1 ever-in, leasing numbei i'i olcclioni. services at their 
disposal: bulletin boards, online databases, home banking, teleshopping. The 

much of their social intercourse might take place, where much of their 
information would come from. Thev also know that it was linked into the 
networks of international finance, commerce and government — as 
demonstrated by file growing number of stories about hackers gaining 
unauthorised access to company and defence systems using (he same basic 
eipiipmcnl. And il was the ivorkl iufe, led h\ tire , on I] inter i irus, s|iread by I lie 
ev hango .'i piiau-d aire 'In 'in. .hj? : v."' sol: 1 .' arc dep. 'sited .hi hud el in hoards and 
conferencing s_vstems. 



it of being pari of this world thai stoked up the mmpulmg 
community's hue rest in virtual reality. Could this be where the denizens of the 
global I illage I rub belonged' 1 ("on Id II lis be a licr reality ? 
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INTERFACE 



Long ago a Western poet, the noble X-.-mo-rn-de. was gathered 
with his relatives and friends for a drinking party at the 
palace, among a dense crowd of guests. When he left the 
crowd for a moment to step outside, the great hall came 
tumbling down in a sudden mighty wind. All the other revellers 
were crushed to death, their bodies were mangled and torn 
apart, not even their own families could recognize them. Xi-mo- 
ni-de, however, could remember the exact order in which his 
relatives and friends had been sitting and as he recalled them 
one by one their bodies could be identified. 

Jonathan D. Spent**, ihi- ( Vlc//n'n/ I'nlna of Matteo Ricci 

This tragic talc is the version iif a story found in Cicero's IV Oratore as retold by 
the Italian missionary Matteo Ricci to the Chinese in the late sixteenth century. 
"Xi-mo-ni-de', Ricci's Chinese rendition of a name translated into English as 
"Simomdes 1 , was a lyric poet born on the Greek island of Ceos in 556 BC. His 
mysterious ability to recall the sealing plan of the entire party is the first 
recorded example of the use of a memorizing techiuque that was to form the 
basis of the art of rhetoric and, some might argue, Western literature. We now 
think of rhetoric as something deplored hv polilk Litis to fool those who listen to 
them. But, before the development of printing and the spread of literacy, it was 
the main art of communication, the means by which story tellers could learn 
how to lell iheir stories in a wav that was com im ing and effective. 

In pre-literate, oral cultures, there was no means available to most story tellers 

obvious example. However, some stories are simply too long or too complicated 
to be remembered without some sort of aide memoiro. Orators had to be able to 
recall stories like Beowulf, which emerged iii the tenth century as a 3,200-line 
poem with a plot that ivouhl daunt a mo Jern-ila\ thriller writer. 



Tin' ti'( lliliqiie that enabled Siillonidos In perform lids memon foal was the one 
he used to tell his stories, whereby lie would think of a siipionee of ideas as a 
space, and populate the span 1 with objects that would jog his memor}'. By 
mentally walking through Ihis imaginary space, hi.' was then able to recall the 
soijueiu e of ideas. Oln iously, tile habit helped him perform the same trick when 
physiiall} walking round llu' remains o( the iinfoi-tiniale gnosis. Rhetoricians 

referred to this imaginary space .is a iiiimiiri palan'', and it formed the basis of 



Ritci's mission, l\Uii identified three types of imaginary locations that could 
make up .1 memoiv pahue: they i i ' 1 1 1 ' I h'- based ''ii ic.ihlv. ort buildings or 
objects that the orati'r h.i.l a. : nallv i iii i >utitei i d; live "'iik.l hi' iictional; or thoc 
could be half real and half fictional - for example, a real building could be 
imagined as containing a staircase or doorway thai lead lo imaginary floors or 
rooms. Spaces created out of such i nmhinalions of the real and imaginary could, 
Ricci claimed, become 'as if real 1 . 1 

Ricci's memory palace took the form of a series of images based on Chinese 
ideograms and puiu e 's n ■pr;--ea:iry, ■-■ 'lies 1 1. : im tar i I - : l" i ■- 1 ui n -leiy Ihai weiild 
be arranged in a series of rooms as paintings in a gallon . However, memory 
palaces could take mam forms. Mediecal chun lies were often designed to be 
simple niiieiiuinii spaies lhal reminded worshippers n( the Christian story, 
perhaps ivifli a seipienio of fresi oes de|iii ling Christ's Passion along the walls of 

the nave. In combination » ith strategiialU phned objects — the font near the 
entrance, the memorials of past bishops surrounding the altar — an entire 




paintings ••]■ I hi' sir. 1 1 mi" ana C"latl ■. >l I >ar.l"'s liilezno. ano was i I'liimon-plai e 
in scores of books in the sixteenth • otiLurv.' J It is arguably built into the 
foundation of literature as a whole, the idea ol In (ion as ,i metaphor for reality, a 
w r av of exploring it and making, sense ol il. Tin' menniry palace was, at least 
from the point of view of the preacher, a way of modelling, as it might now be 
i ailed, the reality ol religious eupcriciu e. Metaphor, I lie keystone of literature, 
the 'lie' that can give us access to the 'truth', perhaps has its origins in a 
mnemonic device. 



In if7f>, Nicholas Negroponte of the influential Arcliitoi In ral Machine Group 
began to work on what he and the ni-iwi'aii her R'u hard Hull . ailed 'spatial data 
management'. Negroponto's idea was to turn the computer into a memory 
palace — or, more prcciseh (and prosnii ,illy), .1 memory office. The computer 
screen would become a metaphorical desktop lovered in ob|ecls representing 
various functions or tools: diary, telephone, 'in' tray for Important memos and 
so on. The concept of spatial data management was developed by the 

kcvhnatd'. ' I In ■ us.']- sal on .; 1 h.nr in Lin midclr ■ lln ■ room ku mi', a wall 11 pi hi 
which was projected a computer-genera led image — the 'space' representing 
whatever data needed to he manipulated. The user, whose arm movements 
were tracked by sensors connected to the computer, could select objects 
displayed on the wall In pointing al them. While pointing at a largot object, he 
or she could say 'put that . . then point to elsewhere on the wall and intone 
'there' to move the nhjei t irom its old position to a new one. 

Though perhaps the mosl influentnil in lerms ol the snbse.pient development of 
virtual reality, Negroponte's attempt to create a computer-generated 
environment was In mi means tlie i'irsl. In A|iril. I* 1 ), an exhibition opened al 
the Memorial Union t.,aller\ al Ike LlniversiK oi' Wisionsin which roipiired 
visitors to walk into a dark room with tubes of fluorescent light lining the walls. 
As the;' walked, Moog music would rotate around the room, and waves of 
coloured light would pass down Ihe tabes, produi ing a response described by 
one of Ihe exhibit's crealors, Myron Kruein-r. in terms lhal vorv much capture 

Communities would mini anion;. 1 , sliane.crs. ; lames, clapping, and chatting 
would arise spontaneously. The room seemed to have moods, sometimes being 
deathly silent, sometimes raucous and boisterous. Individuals would invent 
roles for themselves, tine woman stood by ill*' entrance and kissed each man 
v lie 1 1 1 1 lie in. while he was si ill disorient.) lei I In Ihe darkness. ' 

Krueger described the installation, 1 ailed X Howl low', as a 'kinetic environmental 
sculpture'. More significantly, it was a prototype of a technology that Krueger 
was later to call 'rosponshe en\ ironments'. In (".low How, pressure pails in the 
floor would ai ti \ ate seuucni es ni sounds ami lights when they were pressed. 



samp video image as [lie visitors, could change [he drae. ing in response lo their 



What interested Krueger aboul the ovperimetil was lire visitors' response lo 
their own image and to its manipulation by another. H was this that he wanted 
to explore further with whai he regarded as the first tniK responsive, artificial 
environment, Vidonplace. Tin' idea behind Videopluce was lo create a spate that 
reproduced the experience of meotini; in a physical space, an artificial world 
where people could see, hear and touch each oilier, see and manipulate the 

same objects. 

Krueger originally sought funds to develop Videoplaie as a global meeting 
place that would commemorate die US Bicentennial in 1974. The reaction he got 
from the scientific funding bodies -the US National Science Foundation, 
DARPA (which two years later would be funding Negroponte's own version of 

science-funding bodies seemed to be unable to take an artist with an 
engineering bent seriously. Krueger has since expressed some anger at this, 
which is understandable given thai it look another decade for the rest of the 
computer world to catch on lo the idea, though even with the benefit of 
hindsight, it is difficult to see how a funding agency could justify backing a 
project on the basis of a track record which comprised a few slightly flaky art 
in si all at ions. 

In any case, Krueger eventually found a home for his ideas at the Computer 
Si ience Department of (ounce lieu I University . There, he built an install alien 
based on Metaplay, with users (acini; a sc rem upon whic h was projected a live 
image of their silhouette. The difference was thai the image was processed by a 

its own graphics thai would interact with if. So, users could, say, 'touch' a 
computer graphics object in the image they sai\ projec led on the screen, and 
'move 1 it. Tire pro|ecled pk lure nei amc a si a I ol Iwo-dimi -nsionul image of an 
environment in w r hlch Lfie user — or ralhcr the user's shadow — was unmersed 
and with which the user could interocl. B\ linkim; installations together, several 
environments could be merged inlo one, so the user could see the image of a 
u-ei at another i:i-la. kill; 'i'. ..1 Ih. ir i". r. e:i\ in -111111 11 1 ui'.d thereby 'meet' that 

Complex though it may sound, die beauty of the idea was its relative 
technological simplicity. Research into Sutherland's com opt of the ultimate 
display relied on creating .1 whole suite ol new technologies: the head-mounted 



display, the Datuglovo, position and movement sensors, actuators. II also 
required immense unnpulinj; power, since it depended tin the generation of 

three-dimensional graphi.s in real time, in response to the user's movements. 
Krueger's responsive environments muld he . icalcd using little more than a 
standard video l a [Hera and a home computer. 'The idea thai people are going to 
put on gloves and scuba gear lo go to work in [he morning at least requires 
some scepti. ism,' he later told a i nmpuler graph ies conlcrenoe/' and he had a 



if the mosl influential in iomputer design since the emergence of 
mputing in the early 1980s. 



exported to know in. I h in g about the system, onlv ivh.it it could do — it was up 
I" I he piiile-;s]i'na]s I;' wink on I liiuv ;e gel tie' i om pn lei to do il. 

was to be used by onh one person. It was mi reasonable lo expect everyone ivhn 
wanted lo benefit from the much-he raided i nmpuler revolution either to be a 
da la- processing expert or be prepared to employ one. It was espe.iully 
un reason able given that most people were sea red of [he technology, more 
inclined to associate il ivith I he polh e slale and dchumani'uig aulomation than 

That was why IBM launched its Personal Computer with an advertising 
lampaign thai deployed the mosl human, mosl familial imagery il could think 
of. It wasn't a work tool oil otter, it was a friend, in the term of Charlie t "ha pi in 
(or rather, an acti'i nil pi :scn.;liiy. aim) pi"]li i.ng a rose. 'Friend' became the 



But, to begin with, PCs were anything but friends, lime and again, it was 
shown that users were employing a liny proportion of the available faulities. 
They used word processors as Ihev would tvpe- writers, databases as they 
would tri.inu.il lih:i;i. sv-.li ms spreadsheets .1^ Ihev would 1 ahukili'is. And 



softi\ .lie designers designed their personal i oiupulor programs .11 LOrdingK 
h ord processors behaved like I \ pewrilers, il.il.ili.iscs like card-indexing s\ sLcms 
— which in turn diminished Iho reason for buying the mmputci in the first 



The problem lay in whal came Id he called (he 'human —machine interface', the 




Willi the develcir.n lent of mink omptiLers in the 1970s, 'real time 1 , 'Mile me live' 
systems emerged Ih.r. would perl m m ■ ip. ■ ration- at a pace set by lire user. This 
hoiame r.i'l si m pi v hemsc the hardware hecamo more powerful; it 

v.,]- 1:11- lestill el Ik" deve.opi'.lrilt ol s, .p|ns;i. al'd oro : '.r,im- called 'updating 
systems' that automated a lot of the administrative (asks of running the 
computer itself, previously perfonned hi- engineers. Such operating systems 
allowed the user to 'interact' directly with die system, type in instructions via 
their own keyboard, rather than via pre-printcd forms that had to bo processed 
by the computing department, and see (he results displavcd on their own screen 
or printed out on their own printer the moment they were available. 

These more advanced operating systems used what came to be called a 
\ on 1 1 11,11 id line interpreter' (t'l.l) .is I he user inlerku e. ( 11 ill 111 Lin 11 .ilk in Willi the 
system was a written corrr'spondeiicc of often obscure orders with a very 
pedantic sen, nil. linl ai k'.isl Ike sen mil was, ore,. 111 i_-.itiou.illi speaking, more 
or less under the user's direct control. Also, Ihc servant could, theoretically 
speaking, lum the sorts of commands lhal a noil teihnkul user mrghl issue into 

It was in lire world of Ihc minicomputer CI. I lhat most of the 'pioneers' of 
personal computing cut their teeth, so it was unsurprising that Ihis was to 
inspire the design of the first I'*.' operating svstoms. 'C'P/M' (its initials 
originally stood for Vonttol pi inter/ muinlor'. hut was later revised to stand for 
'control program for microcomputers'-}, tin- tirst mainstream program, and the 
CP/M-derived 'MS-DOS', the operating system adopted by IBM when it 
launched its PC, were both classic CLI interfaces. 

CP/M and MS-DOS were primarily adopted by microcomputer manufacturers 
because they were designed to be used with the then most popular 
microprocessor, the Intel 8I1R0, and could be easily adapted to different 
hardware configurations. They were not adopted because they were particularly 



easy to use. CP/M was notoriously difficult. The command to copy a file from 
one device to another (saj from one disk Lo .mother) ims pip If anything went 
wrong, all the user would get was the less than helpful message: BDOS ERROR 
ON A. MS-DOS was little better. PIP became COPY, which helped, but still the 
user was expected Lo en;;a;;e in this slram;e, stilled written i nmmunicaLion with 
some ,i I ien, disembodied 'ill in;; 1 thai was au\ 111 in;; liut a Chaplin. 



In 19711, the Senate passed what came to be known as the Mansfield 
Amendment, after the Democratic Senator who moved it, Michael Mansfield. 
Mansfield, Horned about [lie iuiroasin;; influence of the Pentagon o\or 
academic research in non-mihi.irv UckK proposed .111 amendment lo the 
Defense Appropriation*. bill letpiii'iiij 1 , I ha I .ill pio|i\ Is of ihe Advanced 
Research Projects Agency (ARPA, the agency that set up ARPAnet) be defence 
or 'mission' orientated. 7 This stopped at a stroke a key source of funding for a 
wide variety of civil projects inspired by computing's first wave 'visionaries' and 
'mavericks', men like Ihe one-lime r.ul.ir lectin ician Hon;; bngclfiarl and the 
psychologist i. C. R. Licklider. 

Licklider created ami l ; n)',elbart mined lo reali/.e what came to be called the 
'ARPA dream' of turning the computer into a machine that could, in Engelbart's 
language, 'augment' the human intellect just as other machines had augmented 

computers together into a new sort of symbiosis. 'There are many man- 
machine systems. At present, however, there are no man computer symbioses,' 
he wrote in 19611. 'The hope is that, in not too many years, human brains and 
lompuLin;; machines will be coupled together U'lA Li);htl\, and that Ihe 

him. He fuelled a ;;real national discovery of interactive computing, which 
reinforced the conviction that, outside Ihe data process im; departments of 
telephone and eleclncitv < om panics, lln'rc was tin 100111 lor I he constipated pace 
of batch-drive mainframes. 

ARC, at Stanford University, which was set up to explore new forms of 
computer interaction, developing, anion); oilier innovations, Ihe mouse that has 
since become one of the standard dev ices of personal computing. He also 
supported the work of a student called Alan kav, who was working on Ivan 



Sutherland's project In find ways of using |>i> turns In depict the ever-changing 
in forma I ion i muled lw intcra. ti\i' systems un i omputer si mens. 

In 1970, Xerox, the company set up to exploit the photocopying technology IBM 
had abandoned in the 1950s, acquired a now Harvard- trained chief, Peter 
MeColough. Xerox was concerned about the threat the computer represented to 
its core business - it was understandably nervous at all the talk about 
'paperless' offices — and wanted lu mi ci i Is options lw de\ el. ipii ig il-i ■! I i 1 1 1- ■ in 
'Liiliiriii.ili.nl' company. Sn it scl up its intcrdiscipliuuri l'iiln Alio Research 
Center (FARC| near the Si an lord University campus with i he aim of producing 

The liming was fortuitous - it was the same year as the ARPA researchers were 
having Iheir dream rudely interrupted hv Ihe realities of military funding and 

computer called the Alio. This was to be the i omputer that would break the 
mould by abandon in;', the < LI inleiiace in favour of .1 revolutionary new one 
based on the ARPA dream. 

Tesler later explained in an interview for the BBC's history of computing. The 
Dream Machine, how this new interface would work: 'What we realized was that 
we could create whai some people called a user illusion, something that appears 
to be a world on a screen. One way to thinking abnul it is von play a video game 
. . . there's an illusion of spaceships nr muds and cars ... and the user who gels 
engrossed in the game . . . starts operating as il the\ 're icallv working in the real 
world . . . when in (in t they're only working in this imaginary, simulated world 

The approach the PARC researchers adopted was to show the computer's 
resources graphically, "['hey did (his In depn ting u hul il 1 nuld do by means of 
melaphors. A famous example nf I his was a simulated pa in lei's palette, < mated 
bv Kav in 1972, which enabled Ihe user II. '[■■.ant' piclures on the computer 



This was just a starl. I he'.' did not wanl sun pl\" !•• create metaphorical tools, 
Ihev wanted to create ,1 whole mctaphori. al world, nne in which the user would 
explore to discover whai the enmputer could do. The command line would be 
replaced by a highly abstract picture or map of a metaphorical office, with 
objects within the olli.i.' su,h .is s-.nrai'.e d.vkes {the 'lilm; 1 , cabinets'), files and 



tools represented In small pit Inn's i a I led 'in ins' depi, tin"! some uspei 1 i>l their 
iuneiiuu. The result was li nun,' businesslike version ol [lie em iron men I i reatetl 
by computer games liki' Space Invaders or Missile Ciimmiinil. In such an 
environment one object becomes a dopplegiinger '>'""'/ i llsl as 'be piece you 
have null rol over in a board nr video inline he! miles 'you'. In the rase, of Xerox's 
environment, your dopplogaiig,or is a poiiiLer ivhii h roams through Ihe virtual 
office in accordance with mu\umeuLs lh.it you make using the 'mouse' that the 
PARC researchers had brought along with them from Engelbart's ARC. By 
using this pointer to point at 'objects' in the environ me ill represented by the 
icons, Ihev can be manipulated. 

While this research work was going on, the first microcomputers were 
beginning to find their way onlo the m.irk' l. ,ind in I' 1 ,'' Xerox decided to 
invest in Apple. The decision was. a I .•no level, omuiriiilv sensible: Apple went 

would give Apple access to 1'AUl "s research. 1 " The deal was to prove expensive. 

1 hie to Ihe dr pa rlii re ol I'eler 1 i>liui;' i h and tin- neiv threat of [npanose 
competition, Xerox's tr.anagem.ivi .id. \{ not ;o botlni tu inhig the Alto into a 
marketable product. So, it was just lying there, runlet -ted, when Apple's 

Apple, IVesi of Men, the 'Hanging gardens o( the information age: a terraced 
slrui lure built lute a gulden hillside high above Ihe b.i\, lilh'd with eleelronu 
marvels of tomorrow'. He also found the Alto. It was, perhaps, no surprise that 
a memher of the first television generation should have found this picture 
m.n bine se e\i iliiii',. Vlore surprising is the lad that Jobs was allowed to 
develop the techno]' 'gv, wi nth m il.tens ^ ■ I J; 'I I a i-. m:o a marketable product lor 
free. 

The result was the Apple Lisa. I first encouiiteied one of these in the UK in early 
1983. It was a machine shipped in iliroi I troin America, [lie power supply was 
the US standard 110 wilts, so a transformer had lo be used to adapt it to 240 
volts; there was no dm umontntioii or software apart from a box containing a 
couple of illegibly label 1 1 d 1 1. ipp\ -.asks; lh.' . aside, '.va- damaged because it had 
been delivered without p.n kaging. !iui I did not mi ml. It was the only one iii the 
country. 

The arrival of this machine had been anticipated with more excitement than 
even the IBM Personal Computer, whh h had been introduced only two years 



earlier. H\ fii ils name had aroused o« itcmcnl Lisa was, dCLOrdiug to ,i report 
in 'i'imr maga/.iue. I lie mime <>l .1 jr. i r I i ill 'J in ,i putcruilN suit .igninsl Jobs, while 
Apple unconvincing ly claimed th.it il was tin acronym fur Locally Integrated 
Software An hileeture. Whatever Ihc truth (it avms likely to have been the 
name of a daughter of one of thi' design engineers}, it was proclaimed ,i 
revolutionary machine. The Apple 11 look 20 hours to learn, said Apple; 'Lisa 
takes 20 minutes', 11 

the revelatory sight of a 'oil-mapped' display, Ihe full graphic glory of Lisa's 
'desklop 1 . I quit kly learnt how to use Ihi' mouse lo perform simple operations, 
such a- pi. kin j 1 , up' .in iron depi. tin;', .i I. ..dcr matk.d h.ank paper'. '..I ragging' 
it a. loss Ihi." hi Ji-i. n aad 'dropping ii inlo anolher Utile icon entillcd rubbish bin'. 

Bui there were snags. The floppy disks the Lisa used were qtiile new: thev had 
far more than the usual number of notches in their sleeves, which made if 
impossible to loll just b\ looking at I In 'in whi. h way Ihev slotted into the drive. 
So I guessed, and guessed wrong In any other svslom. I Ins would a.iv ■ 
presented no great problem, since Ihe disk could he removed and roinserled Ihe 

operated hy the system itself and it was by no means clear how the machine 
could be instructed to laicise ils disk or switch off. 



Ilii -Li no daub: lor aiv own :'..'id. v.hal -le'iikl happen when. I'hojo iv.i. 
someiana . auif ■ sueslei ,ihout mil . ■ \ " . ■ n hi ■ue i . 'allowed' lo switch the thing, "I:. 
forcing me in .entemplale either pulling Ihe plug, an option whi< h Ihe machine 
left you in no doubt would do more harm than good, or just leaving well alone. 
Il was hardly an i-ypenon. e ol Ihe individual emp.av'Ti-nonl lh.il Ihe personal 
computer revolution w as supposed lo bo offering, 

Lewi ■rlholess. the kisa was a hu aklh rough. II was the protnlvpi ■ ol belli Apple's 
hugely successlul M.u inlosli, and inspired Mil resell Windows, ,i version of the 
interface designed lo run on IBM PC-type maihines. Indeed, many of the 



minicomputer systcins used by spc> ialisLs noiv employ these 'graphical user 
interfaces', GUIs. Xenix, loo, lms mniiiiued in L l i>\ t'ld p lin' iJc.i, iuiiiiLliii in}> ,1 
simulated third dimension lo the previously 'flat' desktop environment to create 
'rooms' connected by 'doors', allowing the user to move from room to room, 
carrying any tools they need in (heir 'pockets'. Though the user only sees these 
rooms projected into two dimensions on ,1 flat si rcen, the dopplegiinger pointer 
is movable in three. 

environments will become accessible 'for reel', making the user interface 
disappear and immersing us in the universe "I information. And what a 
universe! Il will he. the virtual insists promise. .1 tuilm lar greater and richer 
thait the physical one, a realm that we have so l.ir onlv dimly perceived through 
oui imaginations, a realm lhal artists have struggled in reveal using mute, 
passive media such as paint and paper. 
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HYPERTEXT 



Its shelves register all the possible comMnations of the twenty- 
odd orthographical symbols (a number which, though 
extremely vast, is not infinite!: in other words, all that it is 
given to express, in all languages. Everything: the minutely 
detailed history of the future, the archangels' autobiographies, 
the faithful catalogue of the Library, thousands and thousands 
of false catalogues, the demonstration of the fallacy of those 
catalogues, the demonstration of the fallacy of the true 
catalogue, the Gnostic gosjn:: of RasiUides, the commentary on 
that gospel, the commentary on the commentary on that gospel, 
the true story of your death. 



And this book. 



All these are to be found within the Library of Babel, a library of 
incomprehensible immensity imagined in a short story by Jorge Luis Borges. 1 

galleries', each containing 20 shelves, each shelf containing 35 books, each book 
containing 410 pages, otich p.ij'.e con tain in j', 41* lines, each line containing 80 
letters. This is not a library to Jisi over ,i lonj',-losl literary oddity or neglected 
work of genius. Tin' books have no title or author; the;- are simply arbitrary 
collections of symbols, each one a com hi nation o( all the possible combinations 
of the letters of the alphabet. That is why the library is so vast and why it 

pari ol the information realm. They exist In the same sense- Lhal Lhe number at 
the billion billionth decimal ]'laie in llie mallu'iliatii al i|Lianlil\ pi exists. The 
true story of your death exists in that it is a particular configuration of 
alphabetic characters. The problem is lhai it is one ol many. II cannot be found 
by sifting through the entire- Library of babel volume by volume, nol in all the 
history ol time, but it is. perhaps, possible lo disiover lexLs thai no individual 



author has so l.ii found, \arialions on existing texts, alternative endings In 

familiar scenarios, elucidations, flosses, diversions, a new lest that can be 
discovered by its proximii\ to ,m existing one. That, ui least, is the hope of the 
i hampions of a new sort of lileran object: (hi- 'hypertext'. 



Now what do you want to do' The choice is jours. You could, for example, read 




personal benefit. 



I have been except ion all v j'enerous in j',Lviiij>, vou these choices. Books, with the 

greatest author of all, God. Books are not, according to the classical view of 
them, the result of i elaboration 01 negotiation; thev arc given by their authors 
so that drey may be taken bv Ihi.'ir readers. Thev an' also the model of all other 
i ill tn till artel a, ts: '"viiiiuiY.-. pi. i'. -. 1 1 1 ms . \ . hii-kiin", 1 -. Iri en. h ■ ase. the \nnvi. 
audionce, inhabitant, whatever, is part of a normally n on negotiable pact with 
the painter, director, producer, architect, whoever, a pact which involves 
produciH)' nil llle one part and i onsu mills', on Llie oilier. 

With the development of interactive m imputing, this classic author/reader 
distinction is looking less and less i.ilid. Ni. hokis Nei'/opi m:e -. pivdii lion that 
'Prime time will becomi' my lime' expresses llie hope dial technology can 
destroy the tyranny of BiblrcaJ authority. 

might be called the mechanical sell model to the cyberspace model, from the 
command line interpreter's keyboard conversation between human and 
machine towards the mouse diiei led exploration of artifkial eu\ iroiuueills. 
Much of the computing world has, at least at dre time of writing this fixed, non- 
interactive text, failed to recognize this shift. Tire power of the old-model 
artificial intelligence lobby still prevails. Finding a way of using the computer to 
reproduce intelligence remains the preferred research strategy of the defence 
industry — witness the emphasis it pi. iced on the 'smartness' of the weapons 
deployed in the (.ail! 'Av.r. and :h;- tin]"'! k .ilion Jinl A[ h.ut somehow created a 
new sort of limited, 'surgical' baitle ami a new sort ol discriminatory, almost 
moral class of weapon. In universities, too, AI remains the computing 



depart men L's Crail, perhaps hivause it represents the chance to achieve an 
almost .ill licinii.i] transition ol dead nun liinerv into a 111 inking lieiiu;. 

Nevertheless, a whole host of computing developments, such as scientific 
visualization, the stud) ol chaos, li<u t.ils and 'hy permedia' have opened up a 
new agenda for computing's research community, one lh.it sees interactivity not 




braiiis"|, and this has led lis to impute to them i harai terislics they don't have, 
thi n e\pend lari',1- amounts .i| i ll. in -.ivm; 1 . I" pro. '.ram ;hrm to hehave a- we 
imagine thev shinilii. When vou re mtera. tim', will". ,1 < ••111 p liter, you are not 



Like this page. Now cut down the middle and across the middle. You have four 
sections: 1 2 3 4... one two three four. Now mammae the sections placing 
section four with section one and section two with section three. And you have 
a new page.' 3 This is the cut-up method of writing, which novelists like 
Burroughs developed to destroy the control of narrative. Why, he and those lrke 

hangover follow reckless indulgence' The apparently 'natural' sequences are, 
according to Burroughs, just one set ol progressions among many, your set, 
perhaps, hut not necessarily mine. 

The idea of the Cut-Up Or collate method luid its origins 111 dadaism. In the 
1920s, Tristan Tzara, who inspired Burroughs's experiments into narrative 
disintegration, developed a technique for writing poetry by pulling a poem out 
of a hat — literally. He would jumble up some words written 011 slips of paper, 
.1:1c. lake I hem out 0] a hat nne hv one to see wlvil pee 111 resulted. 

Burroughs, in the Lini'.u.n'.c tvoLnl ; :l I he mam levies lhat pie war art movements 
hail d lasle puno-llim 1 ,. dri laud: 'i '.ll lips are lol evervune. AllllxiJv ian 
make cut-ups.' It was this ]nni>ua)',e of liheialion that was to be picked up by the 
computer revolutionaries. The computer could do your cut-ups for you, and 
stick them back toi'elher so seamle^slv lhal you would mil even know that they 
h.id been made. I hal was I he :"n"m:-e . ■: I he nraiai tin nnvil. tin ■ arlelac! thai 
the computer would enable users to create lor themselves. Literature is for 
everyone. Any one can create literature. 



Tlii' underlying jirhu-iplf of [lie inleraolive novel is not lhal Ihe computer 
becomes the user's pi'i author, ivritinj', hooks Ihut suit its owner's particular 
tastes, but that the imaginarv world ot a no\ol, the world through which the 
novel treads just one path, tin' path of its narrative, can he turned into a virtual 
world. The computer, then, provides the means of navigating this world. The 
user I lies through it as ]u' or she niii'Jil il\ through an ariifii ial landscape in a 
flight Simulator, plotting a path thai is, in ['fie, t, the narrative, of their Own, 

computer's memory. When Ihe idea H as fu st bi'ing del eloped in the mid-iyK<)s, 
there was a precedrni thai si. 'mod l.i promise a uu\ lonv.ird: the 'Adventure' 
game. 

Adventure was developed ill the 1960s at SAIL, Stanford University's Artificial 
Intelligence Laboratory. As Steven Levy points out in his book Hackers, being in 
California, SAIL was very different in character to the famous AI Lab located in 
MIT's stark, strip-lit Tei h Square ha i Id in; 1 ,; 'histoid of the kiltk'-strewn imagery 
of shoot-'em'up space si k'tue ficlkm Ih at pervaded Tech Square, the Stanford 
imagery was the gentle lore of elves, hobbits and wizards described in J. R. R. 
Tolkien's Middle Earth trilogy. 

Rooms in the AI lab were named after Middle Earth locations, and the SAIL 
printer was rigged so it could handle three different hlvon type fonts.' 3 A 
computerized version of 'rok playing' games like Dungeons and Dragons, 
Adventure i omprisrs a series of desi ri|>lknis of fictional loialions inspired h\ 
Tolkien and the siirrtumdine, ( aliloniian mountains. The user mutates these 
more or less 'geographically', by taping in instructions that specify which 
direction he or she would like to go in jivhk h mie.hl lake Ihe form of 'go north' 
or 'step hack') or Lho ai lions lie or she 1\ nukl like to lake (sin li as 'pk k up a\e'l. 

Though 'just' a pme, playing it is a hit like readme, a novel. Many of Ihe 
pleasures of play ing are lilerar\ ones, mining from the rich descriptions (too 
rich, perhaps, for some tastes) of the locations encountered, and the sense of 




and fro almost as il alive.' Ane.. :he most tamou- "I all. n (H hed after spending 
days lost in mazes and heing atiacki'd hv dwarls anil (rolls: Tar below you is an 
active volcano, from which great gouts of molten lava come surging out, 



i ust ii Jiiif, bat k down into Lilt' depths. Till' glowing ret k fills Ll if farthest roai lit", 

of the cavern with a blood-rod glare.' It was this litcrart aspect of the game that 
inspired researchers to look for .1 vvj; of creating inleraolice novels, 'hypertexts' 
that could he read in an order that suiled the reader, rather than along the linear 



with a program they called Story span'. Slon space was an authoring tool, 
providing a mean? of drawing together texts, structuring them and navigating 
between them. With a ainveiilioruil word processor, a document is a linear 
Mi" k ol li'\l lh.;l h.is .1 :"icr.inn in;'., .1 111 idole .in.l .in en. I '.Villi .1 11 \ neitexT svslem 
like SI. 'I'sna. •■, il .- a scries cl mills - ir. Moivsp.u c . nllci spa. cs' an J nkucs 
- which are structured into some sort of network. So, for example, rather than 
one sentence leading on to the next, it may, by selecting from a series of 
n.n igational lools, lead laterally 011 to several other related sentences, 
depi nil in; 1 , 0:1 tin- 11 ■.;•!' ■ i s 11 spouse to it. 

Joyce used Storyspace to build .111 interactive novel, as well as adapt Borges's 
The Garden of the Forked Paths, a story which itself (like so much of Borges's 
work) was an attempt to explore llie dimensions .mil stun In re ol imnjjin.ilive 

possible to create lexis whkll did no! force their readers down one particular 
route, like tourists being 1 liaperoned round a ciimilrj house. Readers could 
flout 'No Entry 1 and 'This VVav' signs, plotting a route that suits them. On the 
minus sitle, lllev sloud a vei\ scii.uis risk nl gcllul;', U'lalK kist, peillnps parlk 

because the 'landscape' created by the test was an unfamiliar one, partly because 
the narrative is the means bv which readers orientate themselves. 



Jon e .11 ul H11I lei rt\ogni/.t'd su. h diffk allies, and sou.; hi lo in ert 01 ne them by 
pki. in; 1 . I nnils . .a na italic. ■ fiei lit .[il. 'Stoics pace', wiole lovce. might . . . be used 
to create a n.n el as sn pplc and multiple as oral 11,111a l:ves. ' ■ In oilier w.n ds. like 
a story told by word ol mouth rather lli.in lixed in print, siuh a novel could be 
retold as a storyteller might retell a favourite tale, in many drfferent versions, 
elaborating on different parts to reflect the mood of the audience. At the same 
lime, il would he a noiel with the 'referential and tolierent richness' of the sort 
written by lames Joyce, one that created such a plethora of meanings that il was 
up to readers to decide lor themselves how lo make sense of it. 



th.il lianatii [■ is in sonic sense independent of tlie iniagiuan realm il I iri \ i jjiLLi's. 
You could argue that it is the stun that creates the imaginary realm, and gives 
the fiction meaning. A story is what distinguishes random experiences from 
meaningful fines. In his book on post modernist In lion, Hiian Mr Hale cites John 
Kowies's (annus novel 7'hr .''jrnr/f J.lV.'fli-IIifrrl's I'li'm:)!) as an example of how 

contemporary fiction plays with the Idea of narrative. 6 Howies gives the book 
two endings (three, if you count the one three-quarters of the way through, 

film. However, in doing so, he was not inviting his readers to find out their own 
authentic historv of tin 1 trench I icLilotiaid s Woman, ho was highlighting the 
spurious meaningful n ess of the fictional world he had created, and the 
indeterminacy Ot the real one. 

'On bad days I feel I could have saved the world if I had only been more 
efficient', Ted Nelson told Dr Dof*s Jolirmii, the American personal computing 
journal." One hard I \ dare- imagine whal tie k els on o. >■ i,l da vs. The reason for 
his frustration was the inaJeipai y of books. He felt that in hypertext and 
hypermedia, terms he is credited with coining, he had the basis of a whole new 
type of publishing medium, one thai would change the way books and other 
texts -- indeed, all sorts of media ■ are produi ed and consumed. This new 
medium would become a text repository, even a \ast da fabase of the Corpus of 
hnghsh literal Lire, and r, would ho .ailed Xanadu. 

f low-ever, since i dining up ivilh the idea in I %0, things have not gone entirely 
to plan. The book has dodged the demise ho predicted lor it by i%2, and the 
Xanadu project was not completed In the six months ho originally allocated. T 
mistook a clear view for a short distance,' he later admitted.* Like a preacher 
impatiently awaiting die arrival of Judgment Day, he was still predicting that 
Xanadu, or at least the software needed to build it, was Just six months away in 
1990. Six months after he said it (I was there; I heard him), it still was not, but hy- 
dra! time most who had hoard about it hardly cared: it was the concept that 
mattered, not its realization. 

What Nelson imagined was a not quite the pleasure dome of Coleridge's poem, 

Vannevar Bush, previously scientific adviser to President Franklin D. Roosevelt! 
In an article published in Atlitiilii \ IsaUti'./ magazine in 1945 entitled 'As we may 
think', Bush described a desktop apparatus which he called the 'Memex', 
( in uprising a slanting I ran si ui nil s; loon 'on w hit h material i an be |>ro|C( led for 

convenient reading 1 , a kevboard, ami sets of bullous and levers. 



The Memex machine - never actually built, at least In the form described by 

Bush — would probabl) have been dos. rilied at the time Hush fame up with it 
as an automated mechanical reading de\ i,c. Data was siored (m microfilm, then 
the state-of-the-art in miniaturization, and particular tests called up and 
(in 'jet Led on [he s< reeils b) press ill}' a parti, ulur , ontigu ration ot kovs. I'll lis lar 
he had described a not parti( ulark interesting .mtoni.ilcil library reading desk. 
However, he also envisaged the levers ami bullous being used to create 'trails' 
between different te.xls. 1 hese trails would i imii pi isc a series ot addresses, each 
one identifying the localion of a s|>ei ifk le\l relating to a particular subject. 

Bush's key observation was thai Memo* users . ould ( reale their own documents 
out of the reams of text stored in the machine. This would he done not by 
laboriously copying die innlonls nl each screi-n • onlainmg relevant text and 
combining dre result-; to term .1 r.i w physical do. umenl.. but simply hv keeping 
a record of the (rail., the list ol addiessos used lo access the relevant data. 
Furthermore, trails could thomseh es be combined and manipulated to produce 
different documents on related subjects. The Irails, in other words, became the 



A computer is a perfix I \lome\ ma. bin.', being ,tb]r to handle large amounts of 
inlormalion, display il on .1 screen, and provide lh' means ol creating trails thai 




sound with test. 



The Xanadu project aimed at exploiting these ad\anlages. It was lo comprise 
two main components. A minpain (ailed the Xanadu Operating Company 
CXOC), owned by Autodesk, was given the task of producing what Nelson 
called 'a hypermedia server program 1 . This would provide the mechanism for 
exploring large coiupuleri/.ed databases ot inlormalion ( 0111 prising video, music 
.111 d voice as will as I. I his 'server' w..u W a.su provide I he mr.ins ..| , loulurg 
new documents bv . ■stuhhshnig links between [he conti'ivi of existing ones, so 
that each user would be able lo establish his or her men view of the database's 
contents. These links are the key to the Xanadu concept, since it is through links, 

that Xanadu creates new meanings and interpretations that would be 
inaccessible using con von I ion al nielli mis ol inlormalion storage. 

The second component of the project — by lar the most ambitious — was to 
create a completely new publishing market. This would comprise a network of 



databases lo i\hiih publishers would lie iriviled lo contribute the data that 
h i hi Id gradualk ai [ uuiul.ilo into ,1 global iritiinti.il inn roposiieri . Users would 
then bo able to use die hypermedia sen or program i" explore this repository. 
Fur every bit of te\l they access, lh.' user would pay <i rovaltv to ils publisher, 
even il lire parlk ular dm union I llle\ 10 ill piled from the it session in Xanadu was 
made tip of leu Is iron i .1 i ,niet\ oi different publ istiers. This royal In p.n merits 
svsloni tv. is .1 koN NOiiipoiieril of' Xanadu, sinie it would. Nelson argued, (roalo. a 
market, a trade of texts that would encourage more publishers to contribute, 
which, in turn, would attract more users. 

The network of databases would be set up along the lines of the franchising 
network of" Mi I lonalds, ivllere the infrastructure grows ill pair Willi the market, 
avoiding the nei.nl lor i ostlv .m.l n-k\ l"n : '_-ti ;m investment. Companies would 
provide computer storage for the texts and, in return for the right to use the 
Xanadu name and the server software, make it available to the network. As 



The idea of a fast- in for mat ion outlet, doinj. for data what McDonalds did for 
burgers, is an intriguing one. It is air imaginative attempt lo reinvent that most 
important oi soi ial insti tut inns, the libra rv. Willi a conventional librarv, you can 

fmding a publisher, eouiril-niie lo ii. When the play wright Joe Orton so famously 
did in 1962, adding rude comments to books borrowed from his local library, he 

potential 'writer', the SNslem being spei ifti alb designed In make il as eas\ to 
contribute a text (or music, or video, or whatever) as it is lo consult One. II 
creates an open market, a free trade in knowledge, whore the success of a text is 
siniplv dependent s. 1 1 l llie nuilllvr ul limes it is anessed. nnIiiiIi in turn icil! 



h. \"i thing wil.i in X, nia J n ■ 'v.sls :i\ virile- . i| .Is link-, i. rdi ■ ■' ■ ■rvllaiir. else, and 
llli'se links ,n,- . ..jisLmdv :X'Uli; lolgeu .iiilI hinkell. rAol\ iead"r i:l ■ Ie\t 
lontributes to ils meaning h\ p.irlii ipating m Ihe crealion of the sfrucluros that 
place il. Such links. Ihrough indues, .joules, r, Herein is and nolos, are already 
part of the way we use lileraturo; in Xanadu, Ihe;' will be more sophisticated. 
When Xanadu is mentioned in a lexl .ihoul Ted Nelson, there will he no need lo 
scurry oil to ,i poetry collodion thai may or may nut contain Coleridge's poem, 
'Kuhla khan , or tn a history oi the American press su thai veil can discover thai 
il in, is Ihe name of William k'midolph Hearst s mans ion ! w 1 1 it h in Unit may link 
you to Ci'liri'PI Killli'. Orson Welles's film based on the life oi Hearst). These and 



■ oilier references In Xanadu will be part u it LI it' constellation of link?. that 
surround Ihe li-xl nboul Ti'd \'clsoir, along wilh, perhaps. .1 1 1 1 ujUi [ i.nis about llii' 
latest news on the development "I the X.madu son or program and clips from a 
TV that show ill which Nelson talks aboul his in'M project At no moment will 
the tile he dosed 011 (his fexl — (hough, perhaps, as even Nelson slides into 
history, some of (he links will loosen through uoglocl, or new ones, connected 
perhaps ii> li.igiogrnphios abnul I lie pioneers ol i on 1 puling, will emerge. 

Projects like Xanadu, have su,, cured a growing conviction in the computing 
community thai, ultimately, computers will introduce a new, liberating order 
that extends throughout .ill media. Virtual reality has reinforced this conviction, 
promising to do to theatre, cinema and TV what Xanadu would do to books. 
'Whereas film is used to show .1 r.'.ilttv to an audience, cvberspace is used to 
give a virtual bodv. arid a role, to everyone in Ihe audience,' wrote Randal 
Walser, who led Autodesk's 'Cyberspace' virtual reality research project.' 
Walser crime up with a new category ol artist, Ihe 'span ■maker', who does not 
create narratives, rather Ihe cyberspace in which Ihe audience can creflte a 
narrative for itself. 'Whereas the playwright and Ihe filmmaker both try to 
communicate the idea of an experience, the spacemaker tries to communicate 
the experience itself. The sp.icemaker sets up a world lor an audience to act 

all the equipment — headsets, si reeils, sensors, 'props to give the player solid 
analogs ol \ iriual objects' — thai is necessary io give the audience ihe 
e\perience of full bodily immersion in a virtual reality. 

Something very like i \bersp.u e plaj houses wen- aire. ub beginning to crop up 
in America, Japan and Britain in 1990 and 1991. The BatlleTech Cenler, 
described by ils developers. Virtual World hiilertaininenfs, as 'Ihe world's first 
multiplayer, interactive, real-time simulator allowing people to exist and 
interact in a "virtual universe 1 ", was installed in Chicago's North Pier in 1990. 
Players sit in a simulated h.utlc Link . 01 k pit. ivha h lhe\ manoeuvre round a 
virtual space seen through a 25-inch screen (the tank's 'window') using a 
formidable array of controls. The 'tarrks' are networked together, so each player 
sees the other as a tank moving around the same battlefield. In Britain in 1991 a 
W Industries 'Virtuality' system was installed in an arcade in London's West 
End. This allowed a number ol plavers, nil wearing headsets and sitting in 
modules with joysticks embedded in the arm rests, lo 'fly' Harrier ]umpjets 
together. 



The promoters of virtual roalib have found reassuring parallels between these 
early forays of their technology into the public domain an J the origins of 
cinema, which also began with aitenikm-^rabhing technological spectacles at 
exhibitions anil entertainments centres. Indeed, there are striking similarities 
between the early efforts of i illenia's proi ursors and the i laima of companies 
like Virtual World Kntorlairimoiils. At till' end of the eighteenth lenturv, the 

Edinburgh painter Robert Marker built a rotunda iii I ei[ ester Square — just a 

loW hundred V.ll'd- lr":ll llli' -lli' VV llldas:! I' 1 - nal.ld b:' l;i ■liM:n.-tl , jli:l;'. I> 

virtualuy system two hundred years later - in which he lump, painted 
panoramas of exotic locations hi create the 'illusion' of being in the location 
depicted. 1 " 

H i avi vi i. dr.iivm; 1 . o ■ : ov. d v- n. . y ini/ar Ih.il Ihi ■ t. i hnoloo v. .H loos: in an- 
inventor of the electric light bulb and the phonograph, came up with the 

machines that could only accommodate one viewer at a time. So it would be 
premature to prcdu t a mass media revolution on the basis ol the popularity ol a 
few arcade games aiul exhibition demonstrations. 

One of the main issues that remains unresolved is how an entire media 
infrastructure created lor mass markets ,md passive l onsumption can produce 
Ike promised nev^ era of personalized iuterai in v- hy peruiedia. 

The Media Lab has led the way in addressing this issue in its prognostications 
over the future of television — a future It see.s as under threat from the 
international debate to determine the TV broadcasting standard for the twenty- 
first century. The problem with the debate for the Media Lab's founder, 
Nicholas Negroponte, was that it was over the wrong issue: high-definition 
television. 'If you walk down the street and ask anybody "What's wrong with 
television?"', Nicholas Negiopoulo told a j;rou)i of Canadian businessmen in 
1989, 'you will not encounter a single person who will answer "resolution". The 
answer vou will gel i- pro^rammm; 1 ..' 1 - ho whv. Ni ■ l"-, i oponh' reasonably asked, 
all the fuss about high del in it ion lele\ ision, 1 IPTV? 'If vou compare broadcast 
quality NTSC with broadcast quality HDTV, the difference is minimal', he 
claimed, s t retch in i', a pom I. pi -ik.ip-. ., bill. ■ l.i r pa:ln ularlv lor Europeans who 
cannot for one moment understand how Americans can tolerate the bilious hues 
of the picture produced by America's NTSC TV broadcasting standard. 

At the time Negroponte was speaking, both the Japanese and European were 
promoting HDTV standards based on analogue leihimlogy, which would 



el'ler li\ el\ Inn e [lie TV wl In remain Ihe passive nivii iug del ice thai II was the 
Jii'am of [he promoters til hypermedia to banish. Kor Ncgropontc, HDTV 

represented 'dead tei hnologv' l«v,iuw it was not digiial. 'The television is 
probably the stupidest lonsumcr home electronics product', he said. 'Your 
refrigerator has more microprocessors.' What kp all need, according Lo the 
Media Lab, is 'open a rchi lecture TV. This i-iitails laming Ihe TV set into a 
computer that can process all the digital in fonn.it ion that will come into the 
home - via cable, the telephone network as well as, ultimately, sateUite 

HDTV future). It will display this information in accordance with the specific 
capabilities of the oijuipiiieiil fmore expensive seLs will he able to deal with 
more information and display it, should the user wish, in more sparklingly 
sharp resolution) and the viewer's needs. In such a regime, Ihe old, arbitrary 
distinctions between print .md w-ai.il media m.iv grail .Lilly disappear, as Ihe 
now, smart TV set's printer takes over tin- business of publishing a personalized 
newspaper each morning, featuring siories tiiken diicii off newsagency wires 
and eletlronic mail boxes by an 'agent', a software program that knows its 
owner's inleresls and downloads stories thai are hkeli lo appeal lo I hem. 

According lo the Media l.ah open unliiteilure scenario, broadcasters will not 
si'iid 'facsimiles' of TV pictures; they will sinkI the information needed lo 
construct the picture itself. For example, the set for a particular scene in a TV 
drama could be sent in die form of a three-dimensional geometrical model drat 
the TV receiver reconstructs for itself. The broadcaster then only need send the 
picture data for Ihe characters and props that populate Ihe sel, which Ihe TV 
integrates with the sel. Computer models of film sets might be sold much like 
real estate — hvpenea] estale. as it would inevitably he railed — which viewers 
would then use as Ihe backdrop ku dil'lerenl dramas, including, of course, ones 
in which they themselves feature. Ill lerms of virtual realilv, this will mean thai 
TV will ultimately become what could be called an 'immersive' medium. In 




information held in the TV set itself (perhaps models of Ihe family's 
personalized virtual bodies), and used to generate worlds lor a newly uprooted 
generation of couch potatoes to explore. Watching TV will become an 



novel i'liHill XiTii 'Hi' checked llii' Unit' tin Lilt' kiosk's Coke iltnk. His mother 
iwiuld he kk k Irorn Boston In ii.nv. Ii.nl lo be, tir cist' she'd miss one ol her 
favourite soaps. Now hole in hoi- head . . . she'd hocn whining for years about 
static and resolution .mil sensory Meed-over, so she'd lin.illy swung the credit to 
go Lo Boston for sonic i Ilea puss replacement. ... Hi' knew her, yeah, how she'd 
i unp !h rough I lie door Willi .1 wrapped liottlc limit 'r licr arm, not t'lt'ii Liikc lu'r 
toat off, jUSt go struighi o\cr ,irul j.n k into tlic I lilaclii, soap her brains Out good 
for six solid hours. Hiv eves would iintoi us. and s,, mi ■tunes, ,| ,[ w.is a really 

The visions of people like Kej'.ropiMile an J Nelson seem lo be founded on a 
belief thai mass media have been imposing their ideas on Ihe readers and 
viewers too long unil lh.it nnv lechnolo^v w ill initiate whal Stewart Brand 
dubbed a 'personal renaissance': 'Marshall McLuhan used lo remark, 




everyone is an author, whiih means thai no one is an author: the distinction 
upon which it rests, the author distinct from the reader, disappears. Exit 
author... 
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FICTION 



'Perhaps Hamlet is the first character to stop in his tracks and mutter three 
mimsrulc ,niJ in I i n ill- words lli.it suddi'iik open ;i void between the certain 

truths of the Middle Ages and the uncertain reason of the brave new world of 
modernity 1 , wrote Ihe Mexican novelist and essayist Carlos Fuenles. "These 




medieval world i>l ci non ii ,1 1 o'lLimtv t.i .1 modem world of open enquiry r , a 

World who] r '.ill Millies :iri I Mil I ' n. issin].''. 'iVh'll I 'Mil I.Vl L\otr ill 111,1 T.lI-: Hi 1 1,'V,' 

in me! 1 , when he expects us to belicvo tli.ql sheep ai" .1:11110s. inns are castles, 
windmills are giants to be tilted at, we are shown, Fuentes argues, how fictions 

displaced, transfigured In an -Ail, y rcnlio. mil do ol ivords and paper.' 



The test may have lie™ old, but buenles' analysis ol it was thoroughly modern. 
The notion of there being ,1 'reality made ol words and paper' is an idea truly of 




a way of changing the world and of understanding it. One of its champions, 
t li.irli K'lii ks.. oj.'MTihrs it ,1-. a 'new ivrrld view'. 111. 1 view that, unlike its 
predecessors, Is capable ,.| explain ini; II n ■ dominant phenomena of our times: 
Ihe media age, the global village, catastrophe and chaos, hyperrealily and 



I VF>5, at a . oiitoi i r.i 1 ■ :i:-.d Ill" Inslili.le 1 'I 1 1 'r:l"ii'.por.iiv .-'.. Is 1:1 I .-. mkIoii. lh.il 
task fell to Jean-Fran 1,0 is Lyotard. No one could have be™ better qualified for 
the job. First, he is a From h inlelloi trial, and follows in his country's tradition of 



mating sophisticated, elegant, , t>jti ]H-1 1 Lnj= Iheorolii al accounts of key political, 
i iillural and historical issues iviLlioul recourse to i rude mailers of fai I. Soiond, 
lie lias w rill en ,i hook i ailed l'r-'-!li:riirr,\ 1 i'l,':if/,''.'i! in ivliii li I lie lerminologv 
of postmodern analysis — lenns like narrative, metaphor, IonI and discourse — 
are much in evidence, even when lie is mil apparently v. riling aboul language. 
Third, and most important of all. In- does not define posliuodci nisei dinvLK, 
but outlines the arguments that help define it. No one dare confront 

expression, which, in postmodern lernis, iscondiuted by a process he compared 
with Freudian ^iial\ The "post-" ol po-1 mi 'demist does not mean a process 
of coming back or ILshLig b,K k. I ■■.■dir.;:'. hack.' he said, 'hu: ni an a -Iv zing, ana- 
mnesing, of reflecLmj 1 ,.' ^ 'emmenLilors ,:| postmodernism have a fondness for 
word-pla;, discovering significant' in linguistic i nine i denies.) Tire second 
aspect is a loss of confidence in tin' idea of progress — 'there is a sort of sorrow 
in tin ■/.■.■/ o ; -i'.' ac> i ':d i r.i'. I" I retard. The de\ elopnvnl ■ li . line-cn n. es has 
booome a means of increasing disease, noi of lighting it. 1 The third aspect was 
that 'there is no longer a horizon of univcrsali/vttion, of general emancipation 

beginning something completely now, wo have to re-set the hands of the clock 
at zero. The idea ol niodci nilv is • losolv hi 'imd up with this principle, that it is 
possihle and necessary lo break with tradition a nil to begin a new way of living 
and lliinkir.g. 1 Ik is time, though, tilings lMV different, bis ause 'ne i,in presume 
that this '"breaking" is . . . a manner ol kit ■'.cllm; 1 . . ir n pressing the past. That's to 
sav rcpeaLing it. NoL overcoming it'. 

kos Inn 'del ii ism. then. 1 1 ores.'ir.s .i Iveak ■■.nil 'mo.;, ■rnisir. . I" undi -island 
one, we must Irv to undo island tile other. And to do tins, we could do worse 
than begin by isolating that moment when the two lonfronted one another, 
when the modem met its last post. 

The architectural critic Charles Jencks has come up with a satisfying!)' specific- 
candidate for such a moment, a: least with n spe. 1 to architecture: 'Happilv, we 
can date the death ol Modern Airhileclu it le a pnuse moment in lime', he 
wrote. 'Unlike the legal death ol a person, which is becoming a complex affair of 
Drain waves versus heartbeats. Modern An hi lecture went out with a bang . . . 



[It] died in SI Louis. Missouri on July 15, 1972 al ^Ipm.'-' The invasion was t he 
blow in i; ii|> ol I 111' pri/.e-i\ inniny, 1'ru ill-[i;oo I n >■ isiiif si hi-nn- . The SohomO was 
i lassicrtlh modem. H was tonstrueteil an.ori.tiny to Ihi' principles of the 
Congress of Intornrtliiin.il Modern An -hi toots, ivliioh put economic and socio- 
logical issues above those of sls le as Llie imperatives oi' an liiloi (ural progress. 

It is, perhaps, thanks to the way Ihe word 'modem' has acquired such a had 

should be pointed out that Modern Architecture is die offshoot of Modem 
I'rt io tulr, and tho Modem Movements ill all 111!' arts,' 1\ into Jeili ks, ul his effort 
II. assure ,1 proper i.l isi rihulmn "I I" I. nr.' 1 . 'I i i.i In n.d s L h. i..| in;'., ml lonal :n\;llh 
.inJ laln'ivd design of women's bloomer-, it has J ,:ii- laulls s. ■ I ,in a; 1 ,. 1 Irving lo 

past can he understood as (ailing into dislim t eras. Those eras are not usually 
.1 miniated with partii ular events, since lln'v an' concerned with what one could 
call the prevail ing • ul tuiai mood, tin ■ dominant ideas a tut beliefs ilia I 
i haiaclei i/od the way people thought ..ml behaved at partii ular limes; thoir 
assumptions, thoir altitudes. In this view of history, each era is haunted by its 
own .-'.■,'(;;,■ ■:<!. Lho spirit of the limes, a ml it is Lho task of Lliosc who idenlib and 
describe such eras to hust the ghosl. 

Perhaps throe groat oras can ho listed without loo much controversy: the 
Classical era of the am ient Caoeks, lho medieval era and lho modern era. The 



ii can he though! oi as the solf-ronsi ions response in Ihe arts lo the 
■ ot modoLilllv III.; I .ippo.uvd at tile end ol lho I'.meteoillll i oillLirv and 
ing of Ihe twentieth century. 



and the world - and, at Ihe same time, that threatens to destroy everything we 
have, everything wi. know. oY.LYlhaig w. ■ an ■ . . I o be mod 'i n is lo hi ■ ["■ai l ot a 
universe in whioh, as Marx siiid, "nil that is solid molts into air".'' Indeed, 
Berman used Marx's words as the title ol his powerful stink of Ihe 'experience 



of modernity'. Herman's book is mil simply mi intellectual survey. It concerns 
very real issues and ii]iwiran% .1 lad emphasised by his dedication of the 
book to his son, who died shortly after it was completed.. 'His life and death 
bring so many of ils ideas and themes close to home, 1 wrote Herman, 'the idea 
that those who are most happily al home in the modern world, as he was, may 
be most lulucraHe lo the demons lli.it haunt it.'" Moderuil\ is not .1 remote, 
abstract concept; it is a vcr\ real for, e o( \ er\ direr I impar t. Like Mickey Mouse 



moment, albeit it one erealed in fiction. Marshall Herman quotes from the prose 
poem called 'Loss of a halo' written in 1&65 by the the French poet Charles 
Baudelaire, who Herman claims 'did more than anyone in the nineteenth century 
to make the men and women of his century aware of themselves as modems'. 7 

would nonnallv wish to be found. The poet relates an event that happened to 
him on his journey there: 'Just now as I was , rossing the boulevard in a great 
hurry, splashing through the mud, in the midst of ,1 moving chaos, with death 
galloping al me from every side, I made a sudden move, and my halo slipped 
off my head and fell into the mire of the mai adam.'* Ken nan desi I ibes this as a 
'primal modem siene', that of modem man i on front in r; the 'maelstrom' of the 
modem citv stir-el, forced lo live at the pa; e nl ihe tt,i:l !• around him. 

Sixty years later, the jjreal twentieth renlurj architect Lo CorbuSier, was 
walking those same Parisian streets, ohserviiie, a world V.nne mad' with Ihe 'fury 
of the traffic' 8 - indeed, being driven off the street by il. I_e Corbusier's reaction, 
however, was very different lo Baudelaire's: he suddenly saw 'the titanic rebirth 
of a new phenomenon'. 'One is seized, filled with enthusiasm, with joy' at being 
in the 'midst of power, of strengdV. It was a revelation so forceful that it seemed 
to blind him to a re' .'lie. lion he had just had lh.it twenty cars earlier the street 
had 'belonged to us'. Hi 1 seemed In be possessed by the modernist message, 
arguing that the street be turned into a 'machine lor trail ic', just as he argued 
that the house should become a 'machine (or living in'. He saw the road as a 
factory line, a conveyor bell designed lo prod nee ira (tie. This modem sentiment 
is a spirit of geometry,' he wrote. 'Exactitude and order are its essential 
conditions. ... In the place of individualism and its fevered prodm Is. ive prefei 
the commonplace, lire everyday, the rule to ihe exception. 1 ' 10 



The slogan of Ihe an Inter lural modern ism that l.e ( orhusier inspired was that 
form should follow function. In other words, style was nothing, efficiency 



e\ iking. Tlir design ol .1 building should lie dklaled by what the building 
does, so that it docs it as well as possible. [I should not be an expression of 
individual creativity Hut the prodm I of social necessity. 1 lenie the highrise: the 
efficient, automated, standardized housing system that maximized scarce 
resources. The 1'riiitt Igoe m heme was jusl slk h a system. 'It consisted of elegant 
skill blocks II slore\s high', wrote Jencks, 'ivilh rational "streets in the air 1 ' 
(which were safe from cars, but as it turned out, not safe from crime); "sun, 
space and greenery', which Le Corbusier called the "three essential joys of 

which he banished) ... its Purist style, its clean, salubrious hospital metaphor, 
was meant to instil, Hv good e\am pk', i o ties ponding virtues in the 
inhabitants.' 11 

The ideals embodied at 1'iuill-lgoc ueic not. a- lemks I'bserved, confined to 
architecture. Modernism is a movement that expressed itself throughout 

dissolving in a seething cauldron of change. In 1913, Albert Einstein published 
his General Theory of Relativity. It was a full-frontal assault on the tenets of 
Newtonian physics, the theory that had dominated the modern (as opposed to 
modernist) era with its view of the universe as a sort of stage upon which 
objects, lumps of matter, a it merely players reai ling to one another through the 
exchange of energy. 1 - According lo the theory of relativity, the distinction 
between players and stage could no longer be made — space and lime exist, he 

The theory of relativity, however, was anything hul tekilivisiic — you could 
argue that, bv dealing with the incroasim.'.k IriMihlesome anomalies resulting 
from attempts to appl\ Men Ionian pruu iples to newly observed phenomena, il 
actually saved science from relativism. But it did deal with the central struggle 
of the modem era: finding a way of establishing universal truths in a world 
Yielding many difleivm, > onslanllv ■-kitting pomls of view. In this respect, the 
theory of relativity can He seen as a proloU pic.il modernist, as opposed to just 
modem, theory, because it was a response to Ihe disorientating experience of 
modernity. 

The mathematician David Hilbert, as we have seen, marked the turn of the 
twentieth century with a speet h given io the Internationa] Congress ol 
Mathematicians in Paris. The modem era had subjected the mathematical 
system, based on principles reaching back to (he classical era of the ancient 
I, reeks, lo considerable slress, anil Hilbert enumerated Ihe problems, many ol 
them fundamental, that this hail produced. As in physics, a new theoretical 



(Villi icwork was required, mil' Ihul meant nitidis was mi longer lyniindcd in the 
shifting sands of pli\si,.il rc.il ii \ . lm I in some higher, abstract, formal realm. 

Modernist art addressed this shin t.i .iI v s;im. Iiiiiiisiii with ideas such as cubism, 
h liii li ill inn] it I'd In dopii I one s, cm. sin in 1 1. in eon si I hi nil ni.ni\ ill leieul points 
of view. Picasso sun- the first World War as .1 cubist war, since it was fought on 
so man) fronts. B 

Trouble had been brewing in Ihc visual .iris since Ihc invenlion of photography. 
Deprived of its monnpolv on depiction, pain ling needed new ways of justifying 
itself. Iti his Ufa'J essay 'The modern |-ul>l k ami planigraphy', Raudelaire railed 
111, 1 1 'i\ here one should see no 111 ing 1 111 1 Re.uik (I mem in ,1 lie.in Mini ; 1 ; n t i 1 l ; r. > 
our public looks onlv fin ['ruth'. 1 - I h is is .1 revealing phrase. It is clearlj' no 
,11 . c 1' l,i ik c ol deieal. .nice, in;-, lli,;l phoingi a ph' he .in epted as u sign ol ,;i lis Ik 
progress. II asserts art's unique aness tn heaul\ .is uiu halleuged. I'] 1 clog ra pin 
is used as evidence that art is about more than truth, at least the obvious sort 
yielded by the physical world; that it is about a higher truth or a higher reality, 
or at any rate something better than what we get at ground level. 

This reaction, thouc.li pi es~. 'd hv fsiudclauc .11 .1 Ivpi. alh .. had-iempered tone, 
and prompted bv his growing disgusL with modernitv.. was, perverselv, an 

assumption that its validity tame from how closely it modelled the physical 
world. It was not simplv thai the modem world was becoming too hot to 
handle, ton difficult for a single, unitary system or set of values to embrace. It 
was that art, like mailis, had gone beyond the mundane fact of physical reality 
in search of something more e\> iling. As I'ii.isso later put ii: 'We all know that 
Art is not truth. Art is a lie thai mokes us realize Ihc tin 111, al least the truth that 
is given us to understand.' 15 

At the beginning of Ihc twentieth century, painters began to experiment with 
their new found freedom. One of file niosl experimental was the Russian ariisl 
Ka/unir Vlalevub. who Ii u 1u.1l 1/1 d Ins dis, nvi lies m a new artistic movement 
he called 'supremulism'. Pespilc Ihc :,i-. is: soundim 1 , name, supremalism was 
concerned with aeslheLic. nof racial., asi eiuleni v. It 'l.umed to offer a sort of 
super-realism, overturning 'the terrestrial pull' of naive realism. 

The best-known suprematist work is Malevich's n/,!ei- .sj/imrr, painted in 1914 
and 1915. It is no more than its title says it is: .1 black square, on a white 
background. The unlv features im 'N'.i.'i >t;;!n<-: nlher lhan a black square are 



tracks in the black paint, which ate the work of age rather than Malevich. This is 
the sort of art that, even at Hie end of the century it helped to introduce, people 
outside the art work! find hard to accepi has having any aesthetic merit. Its 
abstraction, its wilful lack of representation, is almost as alien and difficult now 
as it was when it was first exhibited in 1915, even after Mark RoihkrVs bigger 



What sort of space was man l earning for' When the Renaissance artist FUippo 

of depiction. Earlv perspective pain I in j', was ho in the thrall of this new 
mechanism for capluring realitv thai il demanded an awesome array of 
alio lv Ileal apparatus. I he ailisl sci-mi-d m Hi t pivp.i n-d I" produce a surveyor's 
report than a work of art. 

However, by Male\u h's time, ihe space projected hj perspective was seen as an 
imprisonment, not a liberation. The underlying principle nl perspective was that 
all points of view are inten hangivihlc; it was a system that could compute what 
Ihe s.i i lie ohjoi til e real ill would look like from ilil'lei.'ii I p( bilious. Hu I 1111 su< li 
i (imputation seemed lo luirl. in llie eoulcniplaliou el I lie Ir.iclnring slruilurc ot 
modem experience. Perspective became a limitation on what the artist could 
depict, not an ex pan sum ufu ha I the pkiurc could show. 'Any sight is a sum of 
different glimpses', wrote file nil i rilu Koherl H li;- lies. 'A i ul so realili iik hides 
the painter's efforts to perceive it. Both the viewer and the view are part of the 
same I in lil. Ar.ililv. ir. sh.ir;. is cr.i i .u fn'n. 1 

The German philosopher Friediuh Nietzsche is, perhaps, the archetype hero of 
modernism; indeed, one might romantically think that it was the contemplation 
of the uncertainties of the modem experience that drove him mad. He is 

-not even these, he argued, could be elevated above the battlefield of life. It 

'.V.1- 1 1. 'Ill ..II" I l:1\'. :ll Ii II". I 111 .ll tile ll'.i . i|'. . .ill. 'l! I spei .IV1C11 I- 1 1 J"— i L S.I id II : 

have emerged: the idea thai there is no way of establishing independently one 
perspective on the world as more valid than nnnlher. Tln-re are as many realities 



ihilosophor Jo: 



: oath individual' 



architects like l.e Corbusier, heroically denied themselves their traditional 
.uitlinri.il tele. nWe.ul 1 1 \ in; 1 , t" hi.l'' lliemsi h In ■Inn.; n.ur.iti irh^s' lovf; and 
structures yielded h\" tin ■ mechanical .ipplk ation i:l tiitii'nal v.iilui'.'. .ir..l 
architectural systems rather than divine inspiration (a strategy that resulted in 

have exited, but he made one hell ol a racket backstage). The challenging, 
fractured narrative ol modernist fiction attempted to break the spoil of the 
single, linear pint. Hertoll lire.ht's plays wilfully set about discomfiting — 
'i^liail.',!!!.',' then and i"n. .ih'.i'.iiu; Ib.'ir J:sheli"l h.kk 1" the slai'.e Ikioi 1 
belore it maiiaeos to os.npe into suspension, in order lo shew ttie hisUiri.al, 



As Baudelaire anticipated, art was to respond to [lie public's search only lor 
truth in the ni.ileii.il world In soar. hin« ler il .'Isow her.'. Modernism v. ,i', .ihoul 
disenchantment with material truth and the search lor abstract truth. It 
de\elopeil it 1 * own sell desLriK live dvnaiuii to show how Lhe phvsnal world 
was being eaten up hv the constant need ol . apii.il ism lo renew ilself, stoke up 
growth, keep the machine movin.i, replace the old with the all new, as Marxist 
critics like Marshall Berman see it. "The innate dymamism of the modem 

'annihilates everything that it creates — physical environments, social 
institutions, meiaphvsical ideas, artistic visions, moral values — in order to 
create more, to go on endlessly creating the world anew.'i' And so it was that 
the Pruitt-Igoe, and with it modernism, was iisell annihilated. 

What has replaced it, according to Jencks, is another world view, the one 
liiiliolplullv e.illed postmodernism — a trend whose termination, as Jencks 
reported in the introduction lo the si\th edition oi his key text (insofar as 
postmodernism allows such a thing as a ke\ text} I'll:' ]'. illume;!' f'nsi-A [iiiierjl 
■\ri-ltil:Yt;t>-i: was itself announced lw its detractors in I9.S2. A group of 



modernist slal warts marked the event with dm lured photographs of Michael 
( oVs poMiuo.lem I 'oil 1. 1 ml Huikkng sliov, in.; 11 suliorim; I lie same I, lie as 
the Pruitt-Igoe. To the champion i>i post modernism, such an announcement 
was, of course, premature — even evidence of its success: 'Now that Post- 
Modem architecture has triumphed around the world, many people have 
declared it dead', Jcmks wrote. 'This, the kite of all successful movements, is 
something lo he i elcbrated. Burn in a l it ol love, the) grow to maturity all too 
quickly, are vulgarized, mass-produced and finally assigned to the scrap-heap 

When Prince Charles announced that the Mies van der Rohe office tower 
intended lor the City of London was a 'glass stump', he was not articulating a 
po-iliniKlem pi -spi .L\ -■ — I. 'in k- .-.ill- il '^lein. i^lemi'nt'. \evertlnli-s, gisl as 
ill i ■ p' ■l -i-l' n. ■■■ : '! p' rlv .111.1 .il I' -null. ':l ll.ul .ll-i nd.a J 111' 1 U 'V.v r hie. k .iil.1 
large-scale publk lLi ■! . i pnn ■i'i t ^.henie a- Ihe inslrLimenls of postwar social 
salvation, so the prim e had lobbed ,in atlra. lively weathered brick through the 
plate glass of the modernist aesthetic. No more towers, no more technology, no 

that toppled throne', should he .[isp.ili lied b\ an heir to One. 

In architectural terms, postmodernism has replaced the universalizing, 
standardizing, unifying, rationalizing, simplify ing instincts of modernism with 

Postmodernism is the ism that isn't. It is about the accommodation of lots of 
different isms, 'Fundamentally,' wrole Jencks, 'it is Ihe growing understanding 
that pluralism creates meaning; or put negatively in the cool terms of 
information theory, that "where there is no difference, there is no 
information" 



In 19.S2, [he American acadeuii, Fre.leri, Jameson presented a ksLuro at the 
Whitney Museum on postmodernism, hi I9M\ this formed part of a paper 
entitled 'Postmodern ism and . 'in^aiiier suiiet\'. whi.li was published in a 




Finally, in 1988, this lasl version ol Ihe paper, -Mil , a riving I races of the Whitney 
Museum Lecture, was used as the basis ol" Ihe fusl chapter of a book published 



in 1991 entitled I'n+iimviniiixiii, or, tin- riiiliir,'! us-ic cf Ud: : ::ipilalif.m - the same 
title as the 1984 paper, only with an 'or' added. 

The core ideas of the works remained roughly the same throughout this 
evolutionary development, with individual examples mining and going 
according to the necessities of fashion. For example, Michael Herr's hoc* on the 
experience of Vietnam, Dispatches, appeared in the 19&8 version, but was 
dropped from till' 1941 book. 1 " In I lie I'ffi.l piper, si li i/.oplircn ia w.is used as ,i 
metaphor for the postmodern condition. It disappeared in 1988, only to 
reappear — virtually untouched — in 1991. If ever there was a demonstration of 
the redundancy of the idea of a finished text, a confirmation of Ted Nelson's 
concept of the hypertext, this was it. Never exactly the same words, never 
exactlv in the same I'idrr, hill iievetikoless [he same Icwic ideas — a 'living' 
document, kept alive hv lis lotisl.uu Unilever ol maleiial. discarding dead and 
dying bits as fresh new ideas and examples burst forth. 

Jameson himself seems to be a perfect example of the postmodern condition. 
Not only do his texts stay in a constant state of flux reflecting the pace of 
cultural change around them, but he is himself a product of an academic world 
where die fixed, modem i .itegories of .icademic studv .lie under assault. At the 
time of pubhshin; 1 , Ike Insl version el the paper he i.v.s Troiessor of Literature 
and History of Consciousness at the University of California, Santa Cruz 1 . Such 

i ol lapsing. Tlii-, is someiliing I, I meson himself regards as one ol the s\ mptoms 

of postmodemity. 'A general km ,igo', he wrote in the I9HH version of his paper, 
'there was still a lechnical disiourse ol piotes-uuial philosophv — the great 
svstems of Sartre or the pheiionieiiologisls, the work ol" Wittgenstein or 
analytical or common language philosophy - alongside which one could still 
distinguish that quite different discourse of the other academic disciplines —of 
political science, for example, or sociologv or hlerarv criticism.™ Now, he 
argued, the 'discourses' arc dissolving inlo a new kind ol writing called simply 
'theory'. 'This new kind of discourse, generally associated with France and so- 
called French theory, is hemming widespread and marks the end of philosophy 
as such. Is the world ol Michel I'oiicault, lor example, to be called philosophy, 
history, social theory or political science? It's undeiidable, as they say 
nowadays; and I will suggest (hat such "Iheoreliuil disrourso" is also to be 
numbered anion;.'. Ike man ifeshit ions ol postmodernism.' 

Jameson's announcement ol philosophy's death is givatlv exaggerated, certainly 
with rospixl lo Mrilisli universities, where 'llleoiy' is trealed with suspkion 
where it is not simply dismissed. The body of postmodernist theoretical 



literature remains largi'h hidden h\ (he abseiiie of any ividcly ai'eepled 
i jtiyjm to place ii in. R>r example, ,iii\ ol tin' p olks lions tli.it ipmtain Jameson's 
work cannot be t'asil) placed in any of the eoineiiiiinial lihrnn or bpiokshop 
seplions: is it lili-rtin pTilicism, philosophy, sol iolo^p ? I I omul (', ■■iii:i\li-it:t~.iii ■ui\! 

, n . l '.-. :'rn , . , .i;, 1 - in Lin ■ nieplia shulies sps lipui in mp well known London shop, 
under literary prilii ism in nnothp'r. Tlu' Dewey i atalo^uiii); spsleui de\ eloped In 
Ami si. an librarian Vlelp il IVimi ,il the isul of I lie nineteenth i eniur) — itself 



What, then, is 'theory? It is possibly better described pif 



which developed the concept of 'critical idealism'. In 1923, the University of 
I r,i n kin r1 loinulcpl I lie Inslilute lor "sop i.il Researp Ii, ivlii. h Liter I id a me known 

as the 'Frankfurt School', with a brief to create a 'critical theory 1 of Marxism. The 
i-ritip-al approach Has contrasted with 'positivism'. ivliLi h attempted to explain 

seen as having parallels with a critical apprpinph to art. That is why the most 
i ill po 1 1,1111 p.uiks ol llir ill.'m hers ol ihp' h l.alkl put si hpiol and those thai 
followed thi'in appi'ar to bp' works i>( litp'rary iriliiism. h>r example, Walter 
K. 'ilia in in. pi rhaps lb.' -. ho.. I s ir...-l nil I e.pil lal ihp -m ]". plkl sn nun h to n-yeal 
the nature of modernism through a study of Baudelaire. 27 

While critical theory has its origins in Germanic culture, the other main 

i i: ill pi 'llp'Pi; pil lll.'i \ si 111 i III l.i I isill . . .,111:- I h '11'. lip. ' h 1 ■ 11. Il s : pp .,|k ill a pporlpl. ul 

particular from the work of Swiss linguist Ferdinand de Saussure. Saussure saw 
lani'.u.iae as a svslt'm of sip.ns in which words (the si^nifier) have only an 
arbitrary relation t<i what tbev sianifv (the word's mp'anine,). A liee has no 
special link with the sound ol the iturd 'tree'. A word, thp'relore, j;ets its 
meaning from the w..\ plilleivnl se,;ns relate to mih othei — just as, to use one 
of Saussure's own analogies, (lie 'mean in);' of a move in plu'ss only arises out of 
its context within a game. 

Structuralism prop ideil a basis for usinj', a new set of fp'chnk|ues not just to 
ex. inline I, manage Lin. bp extension, the iv.u pve niaLe sense ol the world as a 
whole. The French anthropologist Claude I .ovi-Slrauss arijueil that lanjmaiie 



constitutes 'at once the proloh pe of l!u' :ni!;ii :\: nl.v.'.v.'i.'. ■n-r,; (distinguishing man 
from animals) and the phenomenon whcroh) all the forms of social lifo are 
established and perpetuated. ' lf And be went further. He sought to discover 
'whether the different aspects of sol ial life (iiu hiding even art and religion) 
cannot only be sludied In I lie methods of and ivith the hi'lp of concepts similar 

10 those, employed in linguistics, but also whether they do not constitute 
phenomena whose inmost nature is the same .is that ol language.' 55 His answer 

11 ■■ hoLh C|Uestions was ail i'iii ph.] tii ves. anu If:" ir.' mii- he used to demonstrate it 
was to examine the slim Lures that exist in social 'systems' such as kinship, the 
sets of relationships lh.il underpin I he family unit. 

Together with critical theory, strui lural anthropology implied thai the modern 
world could be belter understood as a vast le.\t lh,u i ould In - critically examined 

Furthermore, this could be done without the critic having to dislodge him- or 

newspapers. In Levi-Strauss's mosL famous work, Tristes TVuJJii/HCS, an 
intellectual autobiogrnpliN recalling his studies ol l entral brazilian societies, he 
showed a distaste for field work, which was a good thing, since what little he did 
was regarded by other anthropologists as sloppy — he did not learn local 
languages or spend much lime with his subjects. From the point ol \ iew of the 

could better commend consiomng a theeivti. al svslem Lo the intellectual 
scrapheap. From a > oiilinent.il pel's pe^ I i\ e, nothing * ou Id assure such a system a 
more secure basis for fruitful aiademic enterprise. 

And so if is when one reads Frederic Jameson's work, and any other critical 

anal v sis ol modern is ul postmodernism, one finds not a jot of empirical data 

to support its arguments, ar.v more Ib.m one would Imd Danish patricide 
sLallslu s used li ■ unh',' ' I I'e valid] I v : il : : 

Where the issue is controversial, ol course, is dele i mining the stafus of such 
techniques when it conies to itidgin; 1 , matter's .'I 'lucl' ralher than fiction. In 
'theory', the distinction between the two is barely visible — in fact, it is part of 
the condition of postmodornilv that there is seen to be no essential difference 
between the two, at least not in the sense that one is 'real', the other not. 
According to whal mighl be l ailed the antttheory — or, perhaps, 'practice' — of 
empirical science, there can be no proper account of tin- products of human 
creativity. This obviously presents a dilfkullv whim il comes to dealing with 
i allure. Tin' .iris are the prodm I of I lie i mag, in. I', ion. so lhe\ are on I. The lien s 
media passivek , oiiummicute information from one |ioiul lo another - though 



not always accurately, which means they an- the product of journalistic 
imagination; cither way, they are out, luo. Architecture serves some practical 
purpose, which means its study is a matter <>l I in ding i-ffi* ient mechanisms for 
realizing the client's wishes — the client's wishes, however, remain the 
unexplained product of that insi ratable imagination. Even technology Is jus! 
'there'; science may he able to ex [■lain how ii works, but as to why this particular 
technology is produfod now is a matter of Ihe blind Ion es o( progress (it Could 




beyond the scope of science to account foe. Of course, social sciences such as the 

s.i II . .| -. \ .: :h arid Mil 111 I : :p"l";'.\ ".ll.lt I: lid- Ii :■ In ■ lull Ill hi I L L ■— I ""i I. II ,V ' I "] 1 1: '" 

have attempted to use empirical means to analyse soi ial experience, and have 
had some success explaining llie mei hanisms of power and control. But they, 
too, have been hampered bv llieir need lo base all their findings on measurable 
phenomena and testable hypotheses - and have been increasingly excluded 
from Ihe scienlilic mainsire.im lor i heir efforts. 

The strength of 'theory', then, lies in what the empiricists regard as its 
fundamental weakness; its dependeme on .1 'reading' of the world we live in. Its 
success is measured not in terms of its correspondence Willi some objective, 
eternal 'truth' but according lo how well il performs in Ihe greal world market 
of ideas, how well if generates other readings, how much interest it arouses. 
Everything, even ilsell. is .1 sloiv. and ils valid it v 1 est^ 1 'ii how good a slory il is. 

'Theory' does not even exclude science from ibis store. Indeed, Lyotard's The 
Postmodern Condition ,! ny.'i l : ■ r r hioir-li\l^i- (the subtitle - difficult to accept for a 

Quebec government's Conseil des Universites) sels oul to show how the 
authority of science rests on stories or, in the more technical language employed 
by critical theorists, how il is 'legitimated' by 'narratives'. Lyotard's ideas are not 

lie the notion thai scienee must ultimately rely for ils , minority on Ihe potency of 
the myths, or 'meta narratives', thai underlie il, and it is Lyotard's task to isolate 
and examine these myths. He isolates Iwo: one political, the other philosophical. 
The first is the heroic human struggle lor liberty. 'If the social subject is not 
already the subject of scienlifk knowledge', lie wriles, 'il is because that has 
been forbidden by priests and tyrants."" As Krederit |amesoii points out in his 
introduction to the English version of the hook, this is the narrative born of the 

questioning duty of Ihe state to educate the public. While the first narrative 



illicit hi' L I n ) Li j ; 1 1 1 ill as French in ils origins. I lie mi mid is ( Senium ii . mid, like 
much Gormdn philosophy, oii.ispernlinglv ope, pie. WliateMT else il may lie, I [lis 
narrative seems to rest mi knowledge's roje in tin' cvohjlion nf ,i self-conscious 
will i apahle of nuking do. isions ,ihout whal il i ,in .ind should do. 

One might argue with his i hoice of narratives, hut the im porta mo of Leotard's 
ideas rests in the id™ th.it it is narrative itself tli.it ultimately justifies whal 
science does - uil idea that, l.yulard fully apple, iales, most s.ieilLisLs would 
find alihorrent: 'S.ienlifie knowledge i.umol know and make known that it is 
tlie tin.' knowledge without resort in); Id the .illier, u.irr.iliv e kind of knowledge, 
which from its point of view is no knowledge al all. [Bull without such recourse 
il would be in the posiLimi of presupposing its own validity and would he 

'i 'pin: 1 , :o wh.d i: . i ndi-mns: h. in", I hie .]in sir 'il. pn I in. \ on pr. ■|i:i.l i. .■, 
In die twentieth eotituiv, scu.'ti.e has needed h ■gtlimnltoii .is never before, to 

legitimation has been harder to find. Science has had to leave behind the 
'metaphysical search lor a lirsi proof or trans, en, lenial authority', as Lyotard 
put it. Hilhert's ipiestimis .mil (Model's theorem, as we have seen, demonstrated 
how si i en ee rests mi a inalhi'inafi. al system that is ultimately just some sort of 
game, one that can have no resting plaie, no 'legitimation', in its lorruspDiiduii. e 
vi til piivsi.al reality nor in some pure set ol logical principles. Also, l.volurd 
argues that lliere is .1 'renewed digndv lor narrative I papular' . Lilt Li res'.'- He 
sees the (csurgen. e i:l il.irr.dhe .is part ol tile 'libera In in "I lie ■ I'euris ■ois . lasses 
from the tr.i.lilimial aulhorities'. In other words, after being discredited by 
science .is ,i subje. live, in.iieiii.ile wav ot top risen tin.', lenlilv. Ihe story has 
made a conn ha. k. I'ern.ips mass media i. >u riialtsni ,i demonstration el that, 
since its whole claim to heme, able to report v. h.il .s going on rests on its facility 
for telling stories. Any journalist is (or should be) .tw.ire ol this. Whatever he or 
she is witnessing, it is nothing without its narrativ e. 'What's Ihe angle' 1 What's 
the 9 lory?' 

What is true of science is true for knowledge, polities, society, anything vou 
. hoose. "Iloui)., si ieiue"', w role Jameson, 'invokes its own kind ol logil il nation 
(why is il Mint our students do mil do laboratory work in ah homy 1 . . .) anil may 
therefore he investigated as a subject of the vaster political problem of the 
legitimation of a w hole so. i.il order . . . Doing ''normal" science and 
parti, ipating in lawful and orderlv social repriHku lion are two phenomena - 
boiler still, two mils,': 1 !;,' - ih.it ought to he able Id illuminate one another.'' 1 



The idea Lhat science is a sort of text is by no means a new one — as already 
observed, Galileo saw it as Ike produ, [ of [he 'language nf nature', mathematics. 

Nor is it something 'villi ivhirli s.ieulisis ivlio loniern themselves with the. issue 
— not many practising', ones, it 1ms In he said — necessarily disagree. Niels Bohr 
and Werner Hoisenbeiy,, I wo of the mosi influential ph\ sh isK of Ihis leiilury, 
didn't. 'Whal we observe is not nature ilself, argued Heisenherg, 'but nature 
exposed lo our nu'lhod of ([uosliou ing. Our si icntilk work in plnsn s lousisls in 
asking questions about nature in the language we possess and trying to get an 



enterprise - that a scientific discovery is not somethmg that anyone can, given 
Ihe righL up [Milling J kip.;'.ik] ri-p:odu"' fin 1 Ihemselves. 

In his landmark book The Stnututi' :'!' n!iii-: l<i-.-oliti!oi^, Thomas Kulm, the 
MIT professor of the history and philosophy of science, seemed to issue just 

'paradigm' a highly attractive and very useful new meaning. In 1947, so Kuhn's 
story goes, he was asked to present a paper on ihe hisiory of science to some 
students. Leafing through Arislolle's he wondered bow a philosopher as 

brilliant as Aristotle could be so wrong. Then came Ihe revelation: Aristotle was 
not 1\ rong, he w as using a difterenl set ol loiuepls and practices, a different 

difference hetween Aristotle and Newton was that they did not share the same 
paradigm. One can often see the opernlion of a paradigm different lo ours in the 
assumptions of writers from another era. In bis i .'ssm/s Ibe sixteenth century 
French writer Monlaigm.' wrote; " A strong imagine I am brings on the event," say 
the scholars. I am one oi those who an- vrrv nuuh alU'.lid hv the imagination. 
Everyone feels its impact, but some are knocked over by it ... the sight of 
another's anguish gives me real pain.' Such sentiments make sense to us even 




medii'i a I paradigm, m ai|ilonialii ol a ph\ siologh a I si ale su mm h ■ a ^pirilual 
What disturbed Ihe scientific world's self-assu ranee about Kuhn's idea was his 
belter or more accurate observation of the world. In fact, paradigms are not even 



comparable, sirup there is no overarching paradigm, tin ram™ standard, by 
which llu'\ i iin hi' compared. Tlic\ arc 'incommensurate'. Fncli is relevant to its 
own time, adopted by the intellectual elite of the day until the accumulation of 
what Kuhn called 'anomalies' make il unsustainable, whereupon a new 



nf science.' 36 [Italics til I Face (abend's aim was to alLai k the idea of scienc 
having a 'method' based "ii r.uioti.il ism v.h.'h olhTid privileged access 1 
knowledge. 'It is clear ... that die idea of a fixed mediod, or of a fixed theory c 



on rmpover.shmg it in order to please their lower instincts, their craving for 
intellectual security in the form of clarit)', precision, "objectivity", "truth", it will 
become clear that there is mil)- cue principle that can be defended undei nil 
circumstances and in nil slaves of human development. It is the principle: 
anything goes.' 3 ' This was a message few oven within shouting distance o( 
orthodox sciciuc could stoniuih. 'If this all sounds like flic grumblings, of a 
failed scientist to yon', John Casti letchily observed in his book on scientific 
theory and method !':ir<uhy}n:- l.c:-! : 'iL's pcdiaps 'with noting that Feverabend 
did at one lime sludv ph\ sk s and asLronomv. p;m 

For Kuhn, science is about anytime', hut anything going, and he became 
increasingly" uncomfortable with wav his ideas were being linked with the 
'allernative' and anti-science movements that, fuelled by Feyerabend's ideas, 
emerged in the 1970s as a reaction to the Vietnam War and atomic weapons. He 

a profile of him published in Scientific American, provide the 'secure foundations 

complex puzzles. It is the conservatism of science, its rigid adherence to 
paradigm* .. that enables il to produce "the greatest and most original bursts of 

Nevertheless, what Kuhn , omprohensivek si i u i vi led in doing was unsettling a 
strongly held and rarely questioned lonvii lion among scientists that they alone 
could reveal reality, because they alone hail developed a set of techniques that 
were objective. 



liihI .1 ui.illmii.ilii i.m ,il Ihe lime engaged in rose.m li work » illi Roger I'onrose, 
author of The Em/wiif'? .Wve A lurf At mn' moment in our debate, Hodges 
suddenly stopped i ontesting I lie issue. It seemed le him lha.1 all we were talking 
about was words, and, as he economically put it, 'words don't mallet.' Not an 
argument call ululed, oyeil hy a niatlieiiiatiei.nl, to gain ,1 writer's sympathy. In 
tlii' commiinsonsi ■ world ol Lonco .in.l espi ■ l _ 1 1 _ v - matin nuili. s. 'words' really 
do not mailer, because Ihev rope 'sen I no leelilv, lie ■•■ I lee I above the surface of 
it In Ihe world of 'theory', however, the very opposite is true. Reality exists in 
language, in history, in culture, in all the contingencies of human action and 
creativity, in Ihe very suhslar. i ■ ol H.milets hem.',, in 'words, words, words'. A 
universal, oh|eiUve 1 1 al.tv, .ind Lno s, unee ih.n seeks !•• reveal il. was the groal 
sustaining myth of Ihe modem age. The uueslion is, then, what happens to it 
e hen lh.il m\ 111 is pi i in tii red, ivhen Ihe paradigm has hern shilli'iP Wh.il r- lei I 
ol lY.fifi.i in the rubble ol Ihe ['mill l};i>e? 
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HYPERREALITY 



"The Gulf War will not take place.' This was the title of an article by Jean 
Baudrillard published in the French nows| viper I ihi-mtiim just before the war's 
nulbreak. 1 Although, .is Free, h scholars nill know. 111,' phrase was an .illusion 
to Jean Giraudoux's play Y'fir 'Jri/i-ik IVdr 1 \l'i' !Yel Tiriti' Fuuv, Baudrillard meant 
it, cvi'ii though Iraqi (ore™ wore ocmpying Kuwail, Western tones were 
massing on the Saudi A rill 1 id 1 1 bonier anil 11 i I in uil.i Here being dismissei.1 In 

least be regarded as foolhardy, perhaps the soil of forgivable lapse of judgement 
that one might Hi"-xp,-i I i rom .;n .n acii-mi' who has aic'.leiiLillv si rayed into the 

p.. 1:1 : 'I . II I I I 111 WO if, I .-v:T Mill III I- V, .IS Kl II C. I II kl I II . Ill li K'X l lull exhibitionist 

par excellence and hero pluk's..ph,i- poslmiMliuiism. For such a man, the 
onset of hostilities lh.it almost immcdidtoly followed his article, far from 
disproving his assert inn. initially confirmed il. The following month, while the 
hattle raged, he wrote a follow-up article entitled 'Is the Gulf War real!;' taldng 
plate?', 2 and a few weeks after llie hostilities had ended, yel .mother artirle, 
which, together with the tirsi two, he published in a eolleetion entitled The Gulf 
War Did Not Take Phxi? 

The night the Gulf War That Did Not Take Place began to take place, there was 
a firework display over Baghdad. 'It looks like a Fourth of July display at the 
Washington Monument', shouted CNN's John Holltman in the network's 
famous live broadcast, liis words pmu iLiaied Uv the rrump of smart bombs and 
the crackle of ack-ack. 'We just heard . . . Holy Cow! That was a large airburst 
we saw.' The following night the Sm: newspaper aniiouiued: 'Israel hit by Iraq 
death gas bombs'. 1 CNN reporters dunned gasmasks while reporting on the 
event live from leiii-.il. in. If.' 1 Ii 'lU'ivm; 1 Su;i^.i\ . lhe r.. 'ws papers tried to make 
sense of the pictures that have assaulted the senses in the previous week. 
'Networks call shots in Saddam soap opera', reported the Observer. Sue 

your living room. The Invest computer game of ,sll lime fought out right under 
your nose.' 5 'The exa, t moment ,i 2.001)1 b bomb dis.i|i|>eared Llown the ventilator 
shaft at the Air Ministry in Baghdad was l aught perld lU on the video in the 



nose i>l' a F-II7A stealth fighlerdximher,' wrote i orrospondcnls for the 
Independent on Aund,i:i, '.mil ivas sum available I'm replaj nn television. For 27 
hours, until the firsi S> ud missiles I a ruled in Israel, this war was liked computer 
game.' 0 The Guardian carried a selection of quotes taken from the week's 
coverage: '1 (eel like a young athlete alter his tirsl football match,' said an 
American lighter pilot. Another US pilot: 'Haghdad was lit up like a Christmas 
tree. It was tremendous! I haven't seen anything like it since a 4th of July party 
years and years ago!' A third pilot gave what must be the definitive assessment 

'On the battlefield of the future'. General William C. Westmoreland, the US's 
Chief of Staff, told Lhe Association of the United Stales Army in 'enemy- 
forces will be local' d. I r.u k:d and la i^eUd ainn s: in-lai'.Lcnouslv through tin 1 
use ol data-link, coin pulei-ii-rsisled inU'lhr'.i-n. i ■ evaluation and automated lire 
control.' These words were quoted by Frank Bamaby in his book on the future 

nuclear, tactical and strategic — between advanced countries will become 
increasingly automated', liamal-n added. 'There is no technological reason why 
warfare should not eventual! v become lompletclv automated, fought with 



i oni yiu ling anrl vidua! real it \ are tighlk iuleri omiei ted, one shaping the oilier, 
all impossible as they are currently executed and understood without the other. 
As we have seen, iL was the pressure to find wavs nl i ah ulaling ballistic tables 
that forced the pace of the development of the EN I AC, the first electronic 

Second World War that produced the first electronic flight simulators. It was a 
US Navy defence contract that laid the foundations of computer simulation and 
real-time interactive systems through lhe Whirl win J projeil. It was work on the 

hi-ad-n nted .Irs pi..-. w< hnolno-, undi rlaki n :i' I lie Wrii'.hl-I'atterson Air Force 

Base that inspired the first virtual realit\ experiments at the NASA Human 
Factors Research Division. 

And so the collaboration t ontinues. H15N Svslems anil Ter hnolngies developed 
SIMNET, a way of linking networks ol simulators together so that exercises 
could be conducted on virtual battlefields. 0 Over a SIMNET network, tank and 
aircraft simulators si altered ai ri iss the globe ran perform manoeuvres with each 
other. In the computer-generated battlefield displayed on the simulator screen, 



othiT tanks and aircraft tlial appear are 'driven' by other crews in other 
simulators, till' d.it.i mi their movements ami ,n linns passed alone, 1 In' network 
si) t h.i 1 ill] the simulated Links ,ind plain's seem In be shiirinj; the s,mn' space. 
Thi' W-Induslrics 'Virtu. ilitv' v irtual realitv arcade game aihieved the same 
busk elTei I rellei lini; llln i lose i nunc, Linn between automated war and \ ideo 



troops. KBC Television's i orrospniideiU in Baghdad. Inlin Simpson, famously 
imported si.'ini', ,i v ruis,- mi-silo Ilv p.e-1 In- h.iti l window. 'This i- a new era ol 
warfare', announced Senator Sam Nunn, chairman of the Senate Armed Services 
Committee -'electronic' warfare, the first field-test of equipment developed for 



Kit Ik', but what eonoruls tall Ihn svslnn lh.it lii's ,il its heart. I' 1 , 'I '-cubed', is tin' 
tixliiiolni'.v that enables eeneruk tn monitor an J manner tin' battle's conduct 
I fiim a hunker. I 'iinnr. :hr t .nil War. LnioimnlL"n was avail.ihlr at anv level ol 
detail at all times: from satellites, from AWACS, from reconnaissance aircraft, 



)',oim; on, sn Ikal (k'neral Norman Si hwao'.kopf i oil Id, I mm llm ik'|itks of his 

Saudi control inn Lie, issue a ppmpriato orders. 

This same picture could almost have hni'u reproduced by tin" computers of the 

machine at the other end of the wires leading into the bunker. For Schwarzkopf, 
aspects of the Gulf War's conduct, at least while it was underway, could have 
been a simulation. So it could have been lor many of ils participants: missile 
l.in'ots wit.' noi ii a I kn a I mi'.- In. I map • o; a diji.ilo- ills p. aved mi u VI I LI, In 'Of -1 
movements ivni I urinations pj\il- in • omputei enhan. cd. lalsn-' olour 
satellite im.ii'.i-s. l-'rom ,i postmodern perspective, the entire war, tit least at the 
lev el where unvnno . mild make -ense ol il, iv.is |ii-l a pulli-m on a screen. 

According to the French philosopher Paul Virilio, D. W. Griffith, the only film 
director allowed to film at the front during the First World War, declared that he 
'.v.1- 'v. tv disa npi Tilled villi tin- naktv the haul in lc. '' : II is .ir. inten s-jr.r. 
observation to set hesiile that of the sortie-slimuLiteLl lighter pilot: 'It Was 
iwui lb- like the movies" Virilio's thesis is thai war and cinein.i ore inextricably 



linked — the fart thdL both involve shooting is more, it than a weak 

metaphor. 



By the time of the First World War, conventional methods of monitoring the 
progress of battle wore pnn in)', iu.iiloipi.ile. St.ilii maps i onld not keep up with 
the movement of mechanised armour, and direct observation became 
impossible as ill i - r.ini'.c nl arliller\ and radio t omnumicalions widened tho field 

according to Virilio. 'In industrialized warfare, where the representation of 

i>ain sway over the object, lime over space.' 11 The picture overtook what it 
depicted, im.u'os of n ji iv:i«i,y the war. The 'authentic' war was no more to be 
found on the field of conflict than the 'authentic' version of a film is to be found 
on its studio set. Virilio quoted the account of Colonel Jack Broughton's Thud 

of an F-105 Thunderchief: 'Broughton writes: "I have bombed, and seen my 

seen the target blow up. with walls or strut Lures flying across the area, only to 
lie (r.i.'^od rij'Jil hai k in in i!u> Si i nn ' pla. e heomse the lilm didn't look like Ilia I to 
the lieutenant who read it way back up the line." People used to die for a coat of 
,11ms. ,111 iin.ii',1' on .1 peimanl or I l.i!',; iKm tlie\ died [0 inipro^ e (lie sharpness ol 

even become a form of photography, argued Virilio, with the heat of the 
Hiroshima atomic bomb imprinting pictures of its victims on walls. Particle 
beam weapons are like cameras in reverse, emitting beams of light to 
dem.il' tmI !/■■ "an -n subi;.. Mi -mhei-i . ■: |]n ■ a in r.if. . airier N/.".",' . n ■ ported I v 
told .'.fin-iiiier.; 'Our work is totally unreal. Hverv now and Ihen, fiction and 
reality should i',el toi'.ether anil prove once and for all that we are really here.' 13 
Just as the Gulf War fighter pilot said, war is just like the movies. 

'His prose tracking almost like a film camera,' wrote the military historian and 
Sandhurst lecturer Richard Holmes, 'Clause witz describes the sensations a 
novice might experience as he moved across the battlefield.' 14 Far from trying to 
vindicate Virilio's position (whose work he did not eiie), Holmes was trying to 

show lunv 'emptv .mil drab 1 ilie battlefield was 111111 pared with I he 'colour ami 
texture' given to it by the 'rich pnlello of artists, writers and. filmmakers'. In 
( i.iuseu iU's uiirds. ilie liidit of reason is refraclod in a manner quite different 



seen'. Tooplo in Krij-lciiiii knew mure of | llii- war's| progress iron) day to clay 
than ive did,' wrote a (irrmjii officer in I 9 I S. On [111' one hand, war confronts 
(hi' ultimate reality, the binary fad nf drath. On the other, the closer to (hi.' 
battlefield thy soldiers get, the less real it seems to be; an object visible from afar 



i iimmenced. To a soldier ill his first i;roun.l battle, reality is broken a pari ] ike a 
film whose soundtrack lias wobbled out of sync. Shells burst in silence; 
i ■Mili'si.'iis have no sour.. 1 . A I h'.hti t-h"n",b.i '.ill atla. k ,1 .kslaiit L;i;',e:. ball".. 1 
Ihi' li'i'i'ain in In' 1 and twist awav inlo Lho skv u ilhoal the s[;j',h[es| sound. Only 
later, as the smoke drifts away, are tin' senses rei [instituted with the appiopri.ile 
decibels. 1 * 



On a mid, sunny moinim; in Peceniher ]'.18S 1 was silling in the office where I 
am now writing these words. Absorbed by my work, I gradually became aware 

one end, blocking a road bridge over the railway- line leading into central 
London, I saw the cause, a jam of emergency service vehicles: police cars, 
ambulances, fire engines plus, just arriviiii',, Ian'/' unis with legends sin h as 
'Mobile Accident Control Centre' written across their sides. I walked up to see 
what was happen in i',. I hetv sei -mi d li ■ be some i oniinoiion i.'n Ihe railway line. 
Walking onto the bridge, I could see that a train had derailed, and small groups 
of people were heni;'. helped out or the i arri.ii'.e^ and Iii -ill. 1 , es.orLed up a sleep 
embankment. It was, hv thai time, .piiti- .purl. Keei-yonr seemed to be going 
about their business in an orderly way. 

What I had witnessed was the immediate aftermath of the Clapham rail crash, 
the worst railway disaster in Britain for 20 years. Thirty-four people were killed 
and hundreds injured. But only on returning to my house and watching the first 
news bulletins that began to appear later that morning did I even realize it was a 
'disaster'. The scene as witnessed it from dial bridge had little meaning. By the 
evening, order had been established. Camera crews were taking shots from a 
police cherry picker crane, officials patrolled wearing jai kets identifying their 
role, the trees and telegraph poles were drajied with .ables. At the centre of all 



Ihis, immersed in .1 pool nl while .Hi ligld, isolated from llie world l'\ ] -ii] ii l- 
i ordons, l.o Ihe in l eeknge, now a l>uaiililulk-lil tableau, soaked in tin' s|»r.i\ nig 
spark s til i uliinj; eipiipmcnl. beiuj; gradually dismembered bv pnwerlnl lining 

gear. It had become a set. 



does not mean thai everyone had the same wpwiinrc Nor does It imply that 

matter, tragic or heroic. It simply mentis that the Olapham railway disaster and 
ihi' collision oi ihri'i' trains on the sireti h of line leading inlo ( laphaiii |un, Lion 
on the mom ing ol IIih' 1 2 1 Xvoinhi t. I U ^S, wi-ro n. i| ,il nni' l.'vi 1 lln- same own Is. 
I ho ddierotico bolwiur. 111. 1 two wn-i economi. allv o\pr.ssi.d bv ' harks I ■ n. ks 
in another context. When asked about the Greek colonels' coup, which had 



was eoilstihiLod in its media coveraj;e. It was a live' war, lakinj; plan' hoi ore our 
very eyes as the global \ illego net work beamed tin' ,u lion direct into our homes. 
'It has been the j;reali bombard men I in I lie hislory .if television,' wrote Noel 
Maholm in Ihe I 'iM.'y I rli'yraj'ir, using what had be. ome a familiar nii'taphor. 
■Wave after wave of it has poured into our homes, and no element of the 
modem arsenal has been spared. ' 1! The TV audience seemed to have the same 
view of the batde as the participants, watching the same videos of smart 
missiles seeking old Lheii 1 targets, wal.hing Ihe ^ime ni'.'.lil sight pictures of 
tanks being burnt out by the heal of exploding lank turrets, watching the 
ungainly trajectory of Tomahawks lakinj', off from Amerknn warships for 
in\ isihlo strikes, watching, wall hiug, jnsl as Ihe i [iiniuanders wore themselves 
just watching. We did not all see the same thing, but it was the same thing being 

Baud rill anl's argument, echoed throe ghoul Ihe radical hen.h press, was that 
there was no 'thing itself, no 'real' war depicted in those images. It was a 
posh node in » ji, a war where ill ere is no rvaliU , just, m Ha re I rill. ad s language, 
a simulation of it. 'The "live war" is a fantas\,' wrote Serge Daney in Liberation. 



'VVIi.il is 'liii'' is the l .','!*■■ ■ ;,' •. pi f all the information, line, l.ilse ami ouiitleil.' 
The phrase mist' i'» Sivnr is ,1 popular imp among Krein li int.'l ]ti tuals and those 
they influence. II is harp I 1p> translate. It h.is its origins iii theatre, whore it moans 
tho arrangement of tin' stage, but it was picked up by pinoma critics, who gave it 
a mrir^ sophisticated meaning. For them, the miw pirup pan bp' lhi>ug,ht of .is 
tin' meillanism of pinp'uiatii illusion, (lie relationship between uhal the 
an, limn' sp'cs aiul llii' staging ami training (hat propkues it. rlniiplrillarit's 

be found in the theatre of war. It was, ho wrote, a Virtual' war, breaking the 

direction. It was a war constant!;- examining itself in the 'mirror' of the 
television screen: mirror, mirror 011 the wall, was 1 the fairest war of all? It was a 
war never declared, never tnib juiru'd, never properh finished. It was what we 
had wanted it to be, never what it was. 'In our fear pit the real, of anything that is 
too real, we have created a gigantic simulator.' 1 ' 

aim to confront what he sees as the 'obscenity' of postmodern life, of the chaotic 
ruins of tho modern that la\ in the rubble til the ['ruiil-lgoc. Whereas Critics like 
Charles Jencks are upbeat about the posimodem experience, celebrating its 
pluralism and playl alnp'ss. bauilrillard is ilisgusted by it. At the i.enlre of his 
disgust lies the discovery that reality 110 kinder prists — that, quite the reverse, 
it has become a fiction. The concept of an inpk'peiulent, objective reality was an 
assumption of the modem age that could not be sustained in the face of the 
technological and economic developments of the late, twentieth century. Even 
p"ritk"al theory and sImk I11r.1l isni Ii.ilI opeialr'pl on III" prim i ] -"tp ■ II1.1I, .it t hp ■ end ol 
the day and the conclusion of the theory lay the ultimate vindication of what 
was being argued, the basis of trudi: reality. No more. According to Baudrillard, 
reality, like the Gulf War, is a simulacrum, a perfect copy that has no original. 

Baudrillard began his plassk' p'ssuv pin ppislm.'dernilv. 'Simulacra anpi 
simulations' with a pjpipiIc irpun Hp ■ k'siask's: ' ] hp 1 Simula' runt Is never that which 
conceals the truth — it is the truth which conceals that there is none. The 
simulacrum is true.' J ' : The 'finest allegorc' of simulation for Baudrillard was — 
as it should be for any aulhp'iitip analysis ol ppistmodi'rnism — an idea from a 
Borgos short story about imperial cartographers who drew a map of their 
empire that was so accurate it exactly covered the territory it mapped. 
'Abslrailion today is 110 lunger that pi! the map, lllp' doubk', till' mirriM or till' 
concept', Baudrillard loiiimnited. 'Siiimlaiion is no longer that of a territory, a 
referential being or a substance. It is the gr'iieratiou by models of a real without 
origin or r(?alily: a hy per reality.' Whereas in the br.rgos sLorv the map decayed 
along with the empire it depicted, the territory it i'o\-ered eventually reasserting 



itself, it is Ihe lerrilon that is now disappearing, the map thai survives. Worse, 
tho empire is now , apnble ol const reeling the real so tlial il lit?, in with the map. 



Like all good M.um-I ■ i ll n ■- l;.n i. Kiuciil la: :.l . k i>C"i: o. M. i • r. !":. 'v h.. h 
must remain a modernist l omlition, an opiimistii state which entails that, 
underneath all the simulation, the reality must somewhere survive), Baudrillard 
saw the breakdown of icalil\ as developing out of a scries of distinct historical 
stages. These slaj.es ™wm the hislorv of signification, the way signs are used 



what it signifies, the separation of vulture from nature, 'truth' from reality. In the 
first stage, the sign reflet Is a husk reality, iii the so<on J, il hides that reality, and 
in the third it hides the ifNscu, rof that reality. These slab's J re not all that easy to 
plot against pa ilk ula; Insl. ■in a I i hangis. Kami rilLrd Joes not make much 
effort to explain them. Their importance lies in providing a run-up for the final, 

nothing, that have only spurious significance. In the consumer society, industry 
is capable of producing just about anything anyone could want: machines that 
clean dishes, lamps that prod mo a skin tan, boor that dues not make its drinker 
drunk, and falless fat. Tei hnology has enabled basii needs to he more than 
adcC|Uatck satisfied lor the ulajorik of the population, whkh lean's desire as 

the only motivation to consume. The good thing about desire as an alternative 

desire, which it does, not by promoting the usefulness of what il is trying to sell, 

sold by associating it with tropical paradise, itself something with no 
gei :■; I a pilii a I OMseii, :■. Kr. m i .1 :1 .a I u I ;':l.v villi I i-pc. ". Ii ' Hollvw ood I llms ol 
holiday brochures, themselves linked to late nineteenth-century novels and 
colonial exploits and so on and so on. Tire chocolate bar itself becomes the 
signifier of this web ol .issoi in lions; ilia I is what il 'means'. This is not lo say that 
ils ad\ erlisemeiit is in some sense misleading or l.ilse - withoul Ihat 'mean in};', 
there would be no product, the chocolate bar would be meaningless. Desire, 
then, heeomes a mailer of meaning, of the manipulation of signs, and what 
sustains the consumer society is ihe ability of manufacturers lo perform this 
manipulation, lo maiiulacture meaning. The same applies lo i u I lure as a whole, 
not just Ihe manuiui tut in; 1 , el consumer goods -- politics, entertainment, Ihe 
arls, everything Ihat is the product of human effort. The result is Baudrillard's 
hyperreality: 'When the real is no longer what il used to be, nostalgia assumes 
its full meaning. There is ,i pniljleiaUnn i >l me lbs nl origin and signs of reality; 



i>l sivmul h.irul Liulli. uliji'i lii it\ iiiul dLilheiitn it\. . . . Ami there is a panii 

stricken production "I the mil mi J the referential.' 21 



In the spring of 1992, .1 M.igii K in:;, loin iv.is opened in I he heart of Europe's first 
modem republic. On a 5,000-acre site on the outskirts of Paris, obligingly 
provided by the French government at 1971 agricultural prices, Disney opened 

exploil.iLion} mi ol>\ iouslv on lis mind should have been allowed in without so 
nun li .is .1 h.i}',g<ii;e si'iirih. Neierlholoss, TiTskli'iil Mitterrand's Sin i.ilisL 

project, seemed impressed by commitments to model Cinderella's Casde on 
drawings in Les Tres Riches Heures du Due it Bern, and to include an attraction 
based on Jules Verne's 20,000 Lw'tit* Undt'r till' Sal - neither of which entailed 
much compromise, since there is a 20,000 Leagues Under the Sea ride at the 
Florida Disnev VVorkl .liuU mdeivll.i's ' \;sllr 1 inled up 1 \'k:]ij', like all the odier 
Cinderella's Castles. 



In die end, all of the EuroDisney Resort was exactly like the other theme parks 
USA, explore the same Adventure-land, pioneer the same Frontierland. There 




addition to the Magi. Kingdom: FPCOT and MC.M/ Disney Studios. But it is 
the Magic Kingdom that is the authentic land of make believe, surrounded by 
an embankment to 'seal tin- magic in', ,is 1 lisniy employees say (not, apparently, 
to keep the gate crashers out). It is a sovereign state entered by a 'Disney 
Passport', that even lias its own currency, the '1 tisnev 1 tollar'. Roth passport and 

choruses of 'When you wish upon a star' ik.^itiiic, -iliL limn the flower beds; you 
behold in awe the cleanliness of it .ill. a weil.t smoother, more perfectly 
groomed <ves, even peril ■• li: m musl new vje!d t:i .h i'.i 1 e-1 than a putting green. 
You may be queuing in 90 degrees of humid Floridan heat or centimetres of 
French driz/ie, forced into line by an adapted cattle crush or stuck in a push 
chair pile-up at the Space Mountain intersection, but nobody cares. The 

trees. It is the totalitarian slate ili.it worked: no 1 lass, no poverty, no perplexing 



tree market H'uid Told prodm ts are lhe onh permitted Mill lI rinks), orderh 

queues for food, no sight of security personnel, iin J m> hunks. Truly, no one here 

is being Ion i\l to he I roc, though they do have to pay. 

Tins is the world tli.it b.imbill.ird leels is the 'perlei t modi'l oi .ill lhe entangled 
orders of simulation'.- 'Disneyland is there to conceal the (aft that it is the "real" 

as imaginary in order to make us believe that the res! is real, when in fact till ol 
Los Angeles and the America surrounding it are no lunger real, hut of the Order 
the h}'perreal and of simulation.' Baudrillard's argument is that California's 
I 'isile viand, I ike .il. '.heme parks, I- llleio a- ,i substitute l"i .1 diminishing sense 
of reality — indeed, Lo reinforce Llli' sense ihaL there rcalk is an eillhailkmeill 
surrounding tin' 1 1:1.1 ",ir..ii \ .in. I [ , :i , i' , :i;ir.;' 1 it trem bleeding ,, U | [ n t 0 reality — .1 
reassurance that 300 million of us have sought at the Florida Disney World 

visited Disneyland, and it seems to have left him with very much the same 
impression. 'Disneyland,' he wrote in his collection of essays Trtll'tis in 
llyperr entity, 'tells us that lechnolngv am give its more reality than nature can.' s 
He travelled ihe wild river in Advent 1 .! n l.in.l. i.ali King Ihe .llligators husk on 
the banks. Then he iravelled mi the Mississippi, mie of the originals of which 
Adventureland was a copy, only to he disappointed not to see the promised 
alligators basking 011 Lhe hanks — 'you risk feeling homesick (or Disneyland, 
in here the wild animals dmi'l lia\i' tu lie (O.ned 1 . 



Just as the industrial revolution produced a mass niigralinn from (arm to 
iaiior\, Ihe poslirulusiri.il reiolulkiu seems lo he producing .1 mass migration 




fume J imagiri.m fairs lasllos into buildings, so tourism juhii fi some argue will 
ho lhe world's higgosL mduslrv bv tire turn of the conturv JJ } has turned Europe's 
buildings inlo imaginary (airv castles. 



Paris is itseK a theme park. Not only do its drivers obligingly supply the white 
knuckle rides, but it has become the venue for possibly the most spectacular 
architectural display since the war, a show more extravagant even than 
I ' IS 11 1 de-lg ne.i :; ' 1 1 ■. II \ . ■ 1 : ill.' Ill oil I :n f-l enterprise, hu; -r;. . i -.■ill II'', : U'.h I" 
demonstrate ils demise. As purl of Ihe ii'leh:.ilioii ol ".he bicentenary of Ihe 
French Revolution, IVesiilenl Miiierr.uul instituted a scries of $r:llhl~ pr^jri< 
designed to create a set of monuments celebrating Hrance's achievements: a 



great glass pyramid covering the entrance lo the Iiju\ti'; a soaring square arch 
,i! I ..i I Mouse, extending I lu 1 ,nMii ilu' t' I lam] is I'll sees; ,i people's opera house 
al the Bastille; an urban park at la Villelto. All of these were rapturously 
received by architeelural critics as examples of the sort of vision that 




the sacred sort, where [lie i om en I ions i>l urban living were lo be taken apart in 
an attempt to creale the model oJ the twenlv-lirst-ienluiv cily space. The 
architect, hand-picked by President Mitterrand, was Bernard Tschuml, a so- 
called 'deconstrucHvtst' architect who set about creating buildings that would 

box buildings he called folks, not because they were like the sorts of f oUies that 
might be found in an English park, but because the;' were mad — 
architecturally mad so that visitors could belter appreciate the constructed 
nalure of normality. Tiny were buildings built lo service no particular function, 

with them. 

The result was not jusl a brilliant inlelle, tual exorcise — one sanctified by a 
writlen testimony from ihe god oi tin ousim, linn, J.u ipies Horrida — but a very 
popular cily park. KliL, like the- olhi'i >:r:ia,i? ejv.vfs. il was also a self-defeating 
simulation, a piece oi ox pensive hyperroal estate. II was slylistie exercise, a play 
with Ihe aesthetii s, lh.' Took, ol high inadeiihsiu In In risli, , nun Uan islii r purr, 
uncompromising. All Ibo r>>'li'!^ were supposed lo have soirie social purpose, 

would have been seen as obvious nialonal needs: ,i people's opera house, a 
people's park, a people's ail gallery entrance, a people's in I er national conference 
centre, a people's library, a people's linance ministry. No people's housing or 
hospitals. Milierraiid's modernism, liis lisinn, his nionumeiitalism resulted in 
an architectural toy town lh.it, from a posiiion oi pessimistic postmodernism, 
was as fabulous, as nostalgic and ultimately as fake as Cinderella's Castle. It 
seemed to support Kami rillu 1 1! s gloomy iiiluition Unit all anyone win i reale is a 
fake; everything is stuck in the endless play ol weightless signs. 

Between San Francisco and I .os Angeles, Unibeilo Kco was able lo visit seven 
was versions of 1 .collar Jo da Viiu is ,'.:^< .siinp.T. 'The wiice has n.ininl you that 



the original fresco is hy now ruined, almost im isible, uiiuhle lo give yon the 
emotion \ou h.nc roiekeil I nun llii' lliree-diiiioiisioiuil uu\, ulik li is more rf.il 
and there is more of it.'-' The 'original' of l!;i Vinci's work was painted on the 
wall of the Monastery of Santa M.iri.i dollc Grazie in Milan using an 
ex peri me n la I technique which, unfortunately, has led to the painting's gradual 
■ irul irre\ .-t^i-'l.' ilisinlegr.il ion. Sol ,il [lu- I'uJ of I lie \1ou.islor\ 's Rolei Ion, I lie 
lines of the wall an' projei tod into the sp.n i' of tin' piihiiirig to create what Ernst 
Gombridi described as an 'extraordinary illusion of reality'. 'Never before had 
the sacred episode an pea rod so close and so lifelike. It was as if another hall had 
been added to theirs, in which the Last Supper has assumed tangible fonn.' 1 * 



The LtfSi Supper is one of the mos| widolv reproduced images in the world. Yet 
most of die copies of it are inaccurate, because they show not the fresco on die 
refectory wall, but an untarnished version, its colours more vivid than they ever 




necessary, the techniques .uul pigments I oouardo would have used? It would at 
least be more like the Last Supper depleted in all the reproductions — a more 
an u rati' original of the copies. 



In 1990, Polaroid announced the introduction of a new process for creating what 

loiui.il i:isl.ml oholegrnph\ .iii.I sl.ee ol ihe .il l digital imago pro t essing 1 . 
boasted the promotional literature, 'the Polaroid proioss has achieved a level of 
i eleui . i . ■■ 1 1 1 . i . ..no! I.i 1 1 1'. I el Hi >ss lo det.nl Hi -Yi '1 I'elore available.' " 1 he lesulls 
were, undoubtedly, slarllingly 'real 1 . r'ven though the process was unable lo 
simulate the texture of the paint, the brilliance of the colour, the clarity of the 
detail and the sheer size and the presentation in 'hand-crafted solid wood' 
frames result in convincing replicas. Imagine having tin- opportunity lo own 
and actually live with works ol proven importance by artists like Monet, 
Cezanne, Sargent, Homer anil more. Each day will bring new discoveries in 
nuances of colour and technique.' 

For postmodernist critics, the l.asl e/if-y-ri- reprodm tions and Polaroid replicas 
are simptomatic of mounting fear of losing the reality that sustained the 
modem world in the absence of religious authority. Auction house prices, 
tourism, theme parks and even wars are ways we have developed for fooling 
ourselves that such a reality slill e\isis. We are like i artoon characters who have 
walked off a cliff edge and, still suspended iii the air, have suddenly realized 



there is nothing beneath us. This is llu' \ risis' of poslmodoruilv, and it is 
technology thai has produced It. 



machine designed lo explore llu- idea i>l' self-reproduction. When lu' first 

thought of the idea, he imagined ivli.it lie called ;i tijii'Hiiiiii- model of a robot 
swimming through « kike filled iviih components mil of which it constructed a 
copy of itself. He imagined aitifii ial amis lot manoeuvring these com portents, 
devices that would fuse Hutu together ,uid i ut them apart, sensing elements lo 
locate the components, girders that would provide a framework and so on. ? ' 
Von Neumann never imagined that such a machine would be built, but ill the 
most advanced Japanese la. tunes something, like it Is 'lose Lo being realized: 
what might be called the universal (aclory, ,i mm hino capable of making any 
pi". In. I. Anil wh.il .T.i- made fins possible is Ihe in I rod notion of that other 
universal machine, th.- i\ iivi j^li Ii r. info the pi i "ku tion process. 

One can too easilv hi- overawed be the I. ip.ui.se m.lustrial machine into 
thinking that it is boih pi-rlecllv el Ik lenl and lochnoloi'.icullv advanced. In fact, 
much of the country's economic suncss rests on ils small subcontractors, the 
thousands of tiny companies that make the basic components assembled by the 

up a small alleyway behind the modern 'executive' hotel to admire the huge 
Sony factories lhal overlooked the area, [ hey were mil particularly impressive 
buildings, just blank walled boxes with the familiar logo slikk on every I isible 
surface. The only distinctive feature was Ihe basketball court each had on ils 
roof. As I walked round one of the factories, I encountered a collection of wood 

perimeter wall. 1 peered through one of Ihe doors into Ihe gloom. It was like 
looking through .1 window ontn .mnlbor age. A group oi I .ices were slaring with 
r.i pi .on. entralien inle lb; 1 I l.imes ..[ .; I. .roe. fheir 1 .1. . ■- ,.ki 111 1 n.it, d by it- .",1"'.'.'. 
Around Ihem could |tist be dis. crni-d the 'lull hkkk forms of iron castings. It 
was a sight straight on I ol Ihe induslri.il re\ oliifion, one lhat would have been 
commonplace m Ihe Black Country of England in the mid nineteenth century. 

The mix of these liny workshops and Ihe global multinationals, the zilibtttsus, has 
1 ivateil a intricate and, in Western forms, almost .uitiqii.iteil iiuluslri.il si 1111 lure. 
Nevertheless, it is this structure lhat has lormed the foundation for Japan's 
ambition to build Ihe world's first true inlomuilion society. In 1980, Japan's 



Industrial Structure Council reported that the country's 'informization'. Us 
transformation into a postinduslrial, information economy, would happen in 
two phases. The firsi phase, produced by the njmputerization of factories, 
offices and distribution s\ stems, was already completed by the end of the 1970s. 
The second stage, the 'high level information mm ieLv'. ivas scheduled to begin iii 
the l°ttt)s. and would mark the point when all the separate computerized 
systems would be brought logellier, (renting a now, more flexible relationship 
between demand and supply, replacing mass production and standardized 
goods with bespoke production and personalized goods. 30 It was essentially the 

to the production of physical objects, the manipulation of the material world. 

The universal factory central 1.1 the im p,' , :ivntalio]i ; i| -Lige two. It will be like 
a three-dimensional computer printer, .apnhlo "I lahrualing just about any 

factory floor for assemble by computer-controlled robots. The universal factory 
will be linked, via a computer network, to the universal shop, which will 
provide customers with suitably 'user friendly' computer aided design tools so 
that they tan take pro forma produi ts and tailor lliein to their indi\ ideal needs 
and tastes, the information being sent to the factor) 1 to be fabricated for delivery 
to their doorstep. 

Of course, it Will not ho unite that easy — [he universal factory and shop are Still 
just a 'compulopian' dream, but the first mnnifestalmns of the underlying idea 

to look for further room for expansion at home. The problem was that the 

— what tliev did not own, such as ,1 sc. end car or reasonably si/od house, they 
could not own, ho a use there was suit pi v nul enough spa. c. tine solution came 
from the designer Nnoki Sakai, who was employed bv multinationals like 
Nissan and Olympus to design beautifully detailed Vein 1' products. If the past is 

antiques for a nation which preserves nothing, for Nissan, he designed a noddy 
car called the Pau, for Olympus a faJse Bakelite camera called the Ecru. Both 
were obviously contemporary (the Hi 111 had in-built Clash and motor wind), but 
nevertheless were inspired b\ the tei liuolog\ of some pre industrial, pioneering 

age when technology was not pai kaged iii auony mous black boxes and sold 



I h rough on I Ihe world. There was, of course, nil surh age — at least, no! until 
Sakai treated the artefacts thai recalled it. They were like the copies of 

I .emi.n ild 1 ', i' .ml hen In ,iled In .in original ll^.it iliil ruii nisi. 

Traditional manufacturing technkpies would no\er have been able to cope with 
Sakai's designs. They were i In ■ iiisf generation el niii\crs.il I, I. lory products — 
limited runs, one-offs which did not rely on some universal notion of utility or 
function for their value. Their purpose was to mark Ihe arrival of the 
postinduslrial consumer society, the sort of society where the camera or car is 
no longer a means of recording Images or ol mo\ Ing from one place to another, 
where the purpose ol a pmdiK I is cxplu ilh hound up wi!h uhal It signifies. We 
are already familiar with Ihi' idea of the ur being a status symbol. Now even 
status is no longer a single, stable, oh|eil]yi. condition that a product can 
symbolize. A pool' person hires ,in oxpi ■nstvc .at to a.i]ui:c the status — ,ind 




Following the success of the cars it had commissioned Sakai to design, Nissan 
successful retro product, the Figaro. It only made 8,000 at a time, thus creating 
conventional capitalist pra, tin- ol raising Llle price, but instead sold them at a 

relatively low fixed price by puhlh lottery. The result was a car instantly 
transformed into a classic, valued lor iLs rarity and for its celebration of design 
values validated by Iradition and nostalgia rather lhan modernity and utility. 
Next year, of course, customers, may be clamouring (or a new type of lack- 
technology, celebrated lor :1s disposahil ily ,in.i prtniuivism; perhaps Ihe 
following year, thev will want organic design and natural materials, it does not 
really matter - what mailers is lhat manufacturing is flexible enough to sustain 
the free play of signs. 'Our entire contemporary social system has lillle by little 

despondently, 'has begun to live in a perpetual presenl and in a perpetual 
change, that obliterates traditions ol ibe kind which all earlier social formations 
have had in one way or another to preserve.' 31 



The cover of the February, 1982 issue of the National Geographic 
magazine featured a photograph of the pyramids at Giza on its 



covet. There was nothing remarkable ahoul the picture, it was a conventional 
treatment of a standard Stiliotiiil i'livgriipliir subject; exotic, beautifully 
composed, richly coloured. However, il later emerged that the magazine's 
picture editors had m.niipul.ited the image using .1 computer. The; had 'moved' 
the pyramids closer together, so thai the horizontal pii lnre would fit into the 
vertical space of the cover. As far as the magazine'!; editors were concerned, 
changing the photograph's composition in this way was no different to what a 
photographer might do hv Liking L J 1 ■ ■ picture liom a dill. 'rent angle. However, 
critics were alarmed that the result was a deieplion — il was no longer what il 
purported lo be, ,1 photograph of the pvmnmK ReeliU had been sacrificed in 

The assertion that 'the camera never lies' is, of course, untrue. Photography may 
be, as one of its inventors, William Fox Talbot, put it, the 'pencil of nature', but 
the nature it draws has always been manipulated for the benefit of the drawing. 

and framing of their pictures can change the meaning - their works are, in 
other words, as 'authored' as the written reports lhat usually accompany them. 
Their 'truth' is a factor not of the process, but of the integrity of the 
photographer who took them. 

Nevertheless, photograph; is accepted as being objective in a way that drawing 

picture and what it depicts that is at llie \erv least difficult lo loosen invisibly, 
which is why totalitarian si. ites p.iiusLikingk doctored photographs to erase 
dissidents from official history — it was no I sufficient for Stalin to destroy all 
the pic-lures of I. en in with Trotsky, to ensure the latter' s del, lit mi; Trotsky had lo 
be removed from [he pictures lo prove lhat he had not been Ihere. 'The 
photograph's essence is to ratify what it represents,' wrote Roland Barthes. 'One 
day I received from a photographer a picture of myself which I could not 
remember being taken, for all mv ellorls; I inspected the tie, Ihe sweater, lo 
discover in what circumstances ] had worn them; to no avail. And yet, because it 
t.C\li il phologrilph 1 could not deny thai I been f i ■ (even though I did not know 
where).' 31 

With computers, there is no such ratification. The 'pencil of nature' has fallen 
into meddlesome human hands. Images, moving and still, can be manipulated 
without the manipulation being detei luhle, offering photorealism without the 
inconvenience of reality. Advertisers have used Ihis not lo produce misleading 
pictures hut rather lo show lhat reality itself is something they can change for 
the benefit of their customers. One famous example was a poster produced by 



Ihe .H;eiu \ VVVli ,0 I'm- I hi' Virgin All.inln .mime shin 1 , im; liie I [oll\ wood mi'.ii 
.handed to read 'Jollywood'. Tin' manipulation was undetectable, yet the 
n'siiltiii); piriiirc would lool no oni' - indeed, the postet only worked because 
Ihe image was such a familial one. It was d joke, but nevertheless one thdt 



mship Ii 



t is III.' .1 



of this level of simulation th.it slum's how reality h.is itself become part of Ihe 
artificial livilill. The emergent e oi reality as a li'ihjli>li«;ii a I j'.oal slum's how Ihe 
more it slips from imr j'r.isp, the more despeialelv we elm;; to it. 'Todav, leuiitu 
■ 1 wrote Ha Lutrtl lard 'Mow Ihe whole of evervd.iy pohlical, 

longer ,1 fiction lh.it Hie can confront, even in order to surpass it; reality has 
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REALITY 



'We stand at tin? iLuvn of a now wrote lofm Kaishill ,ind Patricia Aburdene 
in their best-selling \ hsMiivji.-fc Piiii'.) 'before us is the must important decade in 
the history of civilization, a period of stunning let lino logical innovation, 
unprecedented economic opportnnilv, sui prising politi lt il reform, and great 
cultural rebirth. •> We are approaching one of the most dramatic cultural 



Gilder has announced that the 'central event of the twentieth century is the 
overthrow of matter. Ill technoloc.v, economics and Ike polities of nations, 
wealth in the form of physical resources is steadily declining in value and 
significance. The powers of mind art; everywhere ascendant over tire brute force 



central tenets of materia lis I doctrine in a sequence of stunning developments. 1 

If this is the beginning of a new era, the dawn chorus has become deafening. 
Books seem lobe published weekly annoum iug the coming of the New Age, the 

relativity at the beginning of this century, since the birth of modernism in the 
in id die tile last. s,,n e Mle I ■ ■ li r.cl jil; 1 . "I h u ir.a :1 isi r. '.' illl '.:1c h i"n, h, Revolution 
at the end of the eighteenth century, sime [he heginnini', of the modern era in 
the Renaissance, since the beginning of human civilization or, if you are 
Timothy Lean", since the beginning oj human evolution. Everyone senses 
change. The horses arc v.hinnvmg in dieir stables, tlie dogs are restive, and the 
soothsayers are proclaiming the revelation of new sooihs: we are at the cusp of 
the most momenlous changes ever witnessed, a new era of human civile tion, a 
shift in paradigms .is dramatic as a recon figuration of the stars. 



You inul d put il clown to a re\ ivnl of th.it wild fin de sieclc feeling thai overlook 
Ike world ill till' end ot Lilt' nineteoiilh colliery, amplified b\ till' [act that till?, 
time we are appro.ii hinj; nut simply the end of a t ™tury hut the end of the 
millennium. But the <u i ident ol Ihe decimal numhorin); syslem and traditions of 
Christianity hardly seem suifii lent to hiini; alxuil a 'kirnine, point' of 'planetary 
dimensions'. It may explain the sales figures of hooks Ihal ■inimuine suih a 
turning point, but Hot the turning poinl itself, for Ihal, one has to look at a shift 
Ihal has been underway ku nun h lona. .r Ik, in I he publishing phenomenon that 
has an inul iii eil it: a shift in Ike loundalkms of science. 



What is reality? 'You ask — what is the meaning of truth, the meaning of 
reality? Here it is', wrote Viscount Herbert Samuel with aristocratic assurance. 
'The whole body of scientific achievement - massive, world-wide - brings 

borrow d ti'rm from Sigmund Freud, works According to this prineiple, the 
study of experience by means of objective procedures is profitable. This is why- 
it stands in opposition to religion and kiilh. In < hristinnilv, the discovery of God 
in .1 i imi i li. on tin' balllei ield, in one s doalklvd does no I mean thai others can 
achieve the same by cops inj; the actions and heha\ iour that led to the revelation 

— though, of course, it may help. In si ience, (he same proi e.lurcs should result 
in the same discovery irrespective of who i a cries themoul. 

On 21 March 1989, two chemists at the University of Utah, Martin Fleischmann 
and Stanley Pons, held a press tonferente lo annoiuuo Ihal they had discovered 
i old I us km. II was a si ieniifk ad\ anie ol potentially ie\ olutionary im |iurlani e 

- sullnient to lealni'' ai". news hid. cans ,k ro-s the world II meant Ihev had 
found a way of croatm a, t heap, .ihanikint. clean energy, something that a world 
newly alerted lo the j'reenhouse effeii was only too ive'ec to accepl as a no-pain 
substitute for fossil fuels, Heisi hnrann and I'ons were holh respected scientists, 
but their method "I announcmy, the Ji-i nvi ■] •■, hasteired hv rumours of a 
breakthrough at Hiia.hairr i'eLine. L.niveisnv in the nearby cilv of Provo, was 
cause of some concern. Various mechanisms exist for announcing scientific 



a number ill other l.iliiiuliirics attempted lo reproduce Flois( hmuiul's mid 

Pons's results simple on the basis ol what they saw on the television coverage of 
the press conference. Mem while, the University of Utah set up a laboratory lo 
develop told fusion t ethnology. 

To begin with, signs were hopeful. Several scientists repiirkxl Ihut they had 
found si^ns (if i old lusion, 'despite I he jeers nl m.iinslre.im prnsicists and the 
(■I'lieriil dismissal in the mass media', as (Mil' alternative si ioil( e journal put it." 
But ivilh in ,i low 11 ninths laboratories hoijan to arinouiuo Iheir f.iilure Lo produce 
anything like the results i I aimed by Heischmann and ['(ins. 'Supporters of cold 
fusion will cite anecdotal confirmations hul they fail lo mention the many 
groups who have reported negative results', wrote Frank Close, 7 Ihe senior 
pirn. ipa. ■< 11 11 1 i^l .c. til.- K til he tii 'id .i|\e:i n I . il^oi.iv. <\\ and aulln'r ol a buck 
on the cold fusion race. f 'The research groups for cold fusion tend to be small 
and tend to be relatively "amateur" compared with the full-time, large-scale 

with it the dream of, cold fusion, at least as imagined by Fleischmann and Pons. 

The whole episode was instructive, because it showed the fine line science 
treads between objectivity and conformity. On the one hand, the scientific world 
shows ,iu impressive commilineni to stand, nil proi ednres. Years ol work ( an he 



other hand, because work is so vulnerable, there is enormous pressure to 
conform to tried and tesled theories. Very powerful orthodoxies emerge, and 
scientists question them at Iheir peril. 



'fact' that Ihe scientific world had eslahlished about Ihe disease since ils 
discover 1 .' in h'&l. He ao'.uod thai no connection between HIV and 111. 1 disease 
had been estiibk-hoo. and dial Ihere was plontv ol evidence thai no , onnection 
existed (for example, he said that the presence of HIV antibodies in AIDS 
sufferers indicated that the body was able to fight the disease). He and his 

hind in;; anil rejei led b\ res pot l.ihle journals. '1 luesberj; appears lo be rei ell in); 
in some peculiar lorm ol in lei In tual self-iiidulgom e,' argued Ihe .Vce eVi.'Idis/ in 
an editorial, 'He is not nurturing scientific debate, but he is wasting the time of 
rosea n bers.'- : hi September ('I 1941, ti\ o independent i; roups, one in Canada, I lie 
oilier in Krilaiu, prod mod resnlls Ilia I slum ed lire ciiiiici lion between 1 II V and 



AIDS In hi- ill till' very least inn it complex Hiii n had been assumed. 1 " Alariuingb 
for orthodox researchers, it revived Ducshorg's ideas ,nul also supported the 
protests of Other dissident si ioutists ivlio claimed they were being denied their 
fair share of drug company and government grants. 

There are many controversial examples of non-conformism in modern science 
- Fred Hoyle's belief in the extraterrestrial origins of life, Jacques Benveniste's 

Sheldrake's belief th„t memory is an inherent feature of nature. Such dissidents, 
all scientists, tend to regard themselves as oppressed minorities, the casualties 
of entrenched interests and sclerotic mind-sets. Their opponents, on the other 
hand, lend to regard the dissidents as mavericks and paranoia™, slicking to a 
position out of sheer "h-lm.ite pride, hiihn iv,iv dis^idenee demonstrates that 
science is not quite the pnuse. umunnia uutis business Ih.u non scientists often 
imagine it lo be. Results need Lo be interpreted, which makes quite basic 
questions, such as the cause of AIDS, hard to settle once and for all even when 
they have been settled with a least in able decree of agreement. It is not always 
easy even for scientists In tell whether their theories are made valid because 
they accord with reality, or hecau.se they accord with other scientists and 
funding agencies. Lvolnrd's argument in the I'miiM,™ Fivlmoilernity was that, 
with the collapse of the modem inrlaitaiTative 1 of reality, m ience is sustained by 
the 'perlnrillatix ill 1 of theories, their ahil il\ lo generate more si ieutiiii work. 'In 
the discourse of today's financial backers of research', he wrote, 'the only 
credible goal is power. Scientists, tei h:i i. uins ar. d nisi rumen Is are purchased not 
to find truth, but to augment power'. 11 

However, fractured tlnure.h the 'mcLanarrative' mie.ht be, the must remarkable 
feature of science even now must be its unity. I.yolard argues that it is splitting 
apart into separate disiiplines with no means of i ommu nil a ling Willi eai ll 
other. Bui thousands of quite independent or gn nidations in countries often 
hostile lo each other engaged in often secret work are all agreed that they are 
parlicipaling in what r-. cflci tivclv the same enterprise, fhev use roughly the 
same method based on roughlv the same theoretical framework — Newtonian 
mechanics, Einstein ian relalivitv, quantum phvsi, s, I \invuiian evolution and so 
on - and exchange their ideas through the same journals and at the same 

It is this fact that seems to support Viscount Samuel's assertion that 'the whole 
body of scientific achievement — massive, worldwide' ion firms the meaning of 
reality, even more so now than when he wrote it in L958. Given its size and 
diicrsity, siieme is remarkably homogenous, remarkably consensual, 
remarkably stable. This does not mean it is as loftily detai lied from the fray of 



politics lis il likes lo imagine ilsolf In he, nor lli.il its inloiualiou.il sun ess is 
indepcu dent of its power to produce profits, iu>r tli.it different i u I turfs do not 
li.oc di Keren I approaches In the con duel el si ieni o. The ,11 hio\ emenls nl si ience 
reflect the preoccupations of Ihe society lh.it sponsors il — AIPS shows litis 
ilearly, Willi il lur;;e proportion of ] lueshcrij's argument beim; bused oil his 
suspii ion that HIV w.is isolated as the cause beiauso it suileLl the dru;' 
companies lo have .1 single, identifiable culprit lor which they could develop a 
muz'koluhle wicclnc. but sti]l r for all its ruptures, dismemberments and 
disorders, il remains a single, whole body of knowledge thai seems to have 
withstood the twentieth ceiilurv hi -tier than most. 

Thi' 'alternative' science movement regards this unify as a product of science's 
exclusivity. [I is, thev aiy.ue, a iloseil club thai selecls only those ideas thai w ill 
best sustain it. Whv no room lor astiuloi'.v in • ■ 'sinology, why exclude 
aromatherapy from medicine when it works for so many, why shun divination 

The simple answer is that if any of these are right, then all of science is wrong. 
Science only atlmils into its i.iunn those theories thiii cm be rejected by it. 

In December of 1919, Sir Arthur Eddington of the Royal Astronomical Society 
orjumi/ed expeditions lo West Alriia .mil Kr.i/il. ft w.is .1 trip slr.iighl oul of the 

of lite sun, lho\ observed hol\ li^ht from the stars thai in ore revealed around ils 
rim was apparently deliei ted by the sun's j;r.i\ il.iiioual Held. This provided the 
first (onfirmation of hinstem's theory of rcliitivily. whkh had been published 111 
1915 - and at a stroke undermined Newlon's theory of gravity, a theory that 

wrote the philosopher Karl I'opper later. 'It was utterly different from the 

favourite theories. Tims 1 arrived at the end of 1919 at the conclusion that the 
scientific allilude was the critical alliUulo, win. h did mil look (or verifications 
but for crucial tests; tests which could re/if (<■ Ihe theorv tested, though thev could 
Hover establish it.' 1J VVhiit impressed I'opper was lhat Ihe groat eililiie ol 
Newtonian theon couhl he toppled by the ideas ol .1 young, then relatively 
unknown physicist. Scientific hvpolhoses, such as Ihe theory of relativity, arc 
iinepleJ as Ihe producl of human inspiration, hul what sels litem aparl from 
other hypotheses is thai they are !<i!<iiiiih!i; any scientist liin potentially prove 
them lo be i.ilse siuipli b\ slum in;; that thev l.iil lo ni.iti h 11 1> to ohserv.it ions. 
An\ lhfoi\ lhal i amiol he li 'Steil 



to destruction is not a theory. Sciuiu r is nut whatever si ioiitists want il to he; it 
is forged against the hard anvil of observation. However, as Einstein was 
himself to be instrumental in disco\ oriiij;, this anvil is not as well tempered as 
phvsics li.ul fur i en(nries assumed it to be. 



Quantum mechanics has been desi 1 ibt'il as the must sin lessiul soiuuliiii theory 
ever, the foundation ol modem ph\si.s and the basis of the technology of our 
limes. Yet in 1935, Albert Einstein, whose work led directly to the theory's 
formulation, declared lh.it it must be I uiulauieii l.ilh ll.m ed. II , nrrr. I, il » ould 
devastate the most , herished assumptions uf s, ionco. )t would mean that there 

IS 1 M-.- ■ SCli'lllllk klW tor till" klll'.O. and aill'tllCl i''l ".111- I Ol'.' small, that the 

universe science had assumed to be ultimately fixed and certain is really an 



am ,il .ill events conviniod lh.it f!r does not play dice.' 

The first signs that Hud may he pLn inj; panics with the classical scientific view 
of the universe came at the turn of the century. Since 1801, light was thought to 
take the form of a wave. AU the experiments seemed to prove this. Light 

something that would never happen ii it was made up ol particles. But at the 
end of the century, new instruments were reveal in j', phenomena that seriously 
undermined Ihis view. The German physicist Mas Planck had established 
(while taking lea with a colleague, we are rather picturesquely informed by the 
physicist Werner Heisenberg"! that the mathematical formulae drat best 
explained the absorption el eni'tv.v hv a bkk k body', l;ii ex pi 'iimontal ohjeel that 
absorbs any radiation it is exposed to, entailed the existence of discrete 'quanta' 
of energy. Atoms, hi' assumed, had a soil uf inner harmonic which meant that 
thev could onlv absorb or i-mil emii'.v in discrete amounts. In 1905, Einstein 
reinterpreted Planck's findings bv applying theni to another troublesome 
phenomenon called the 'photoelectric' eft eel, whk h concerned the rate at which 
light shone on a metal plale displaced electrons mi the plate's surface. His 
i iiilclusiuil Has that liijlil in parfii ular and all forms of radialiun in ijeneral iiuisl 

be made up not of wa\es hut of quanta — partu les which, in the case of light, he 
called 'photons'. 



Worse was to come. In 1913, Niels fiohr showed that this ambiguity is not 
confined to light — that the stability of the atom ion Id only be explained using 



this same quanta-based mathemaiiL s, .1 Jismv er\ in i 1 □ u - 1 l implied thai elei Iran 

perlorm llii' tamous 'quantum leap' Iriik, jumping between dilicr-enl orbits 
around tho atom's central muleus without at any timi.' being anywhere in 
between. In the mid- 1920s, Ihf French nobleman 1 nui' de Uroglie had started to 
formulate Lhi' idea ol 'mailer ivjH'i' on llii' assumption thai if waves could be 
particles, then particles could be waves. In the process he introduced a 
perplexing duality in the very basis of matter and radiation that Erwin 

representing its position and -prid lull bv .; \cave inn. lion', a formula that 
computed the probability l.i [he pailkle helm 1 , at anv particular point at any 
particular time, 

function helped determine, hut actual U smeared across a field of probability in 
a way that could only be desi ribed using siaiisiirs. 'It introduced something 
standing in the middle betw een the idea of an event and the actual event,' wrote 
Werner Heisenberg, 'a strange kind of physical reality just in the middle 

reality was fundamentally different to the sort encountered above the subatomic 
scale - and it took a completely different sort of mathematics to describe it. 

In order to sort out Lhe acciiniukilm; 1 anomalies .mil pi ■• ullarilies that came 
cascading out of the sLu J\ ol llii- newlv disi uvered su hate ink world, a group of 
plnMLisls. iiuhulini; Si li liidim'.er ami Heei'iihei!',. . .mi:' to [lie Copenhagen 
Centre for Theoretical Physics at the invitation of Niels Bohr. The result of this 
consultation was not a theory so much as an interpretation of how the various 
developments could best be understood - one, however, that confounded both 
scienlifn di.^ina .Hie 1 1 1111 mi hi c\perience. 

According to the Copenhagen in lerpiel.it ion, a^ it came (o be called, a subatomic 
'system' (in other words, the object of stud;-, such as an atom) is fundamentally 
different from, but dependent upon, the system used to measure and observe it. 
The former works t« cording to one sei ol physical laws, those of quantum 
mechanics, the other according lo the convention.il 'classical' laws set out by 
Newton and Einstein. However, only when the former is measured and 
observed by the latter can the former be said to exist as an ai lual phenomenon. 



Kohr desi ribcd Lhi' win e- like iirul pnrlii lo like, [id mi leristics of sin li a system as 

'complementary', they .ire two asps is of the same thing tli.it are impossible to 
behold simultaneous!;!. Aciording to 1 loisenborg's 'uncertainty' principle, the 
result of this oomplemontaiitv is that there is only so much to be known 

simultaneously about holh a subatomic parfn le's posit in ul its momentiim 

lo he more certain about one is to be less icrlain about Hie oilier, and to lie 
i erl.iin aboul bolli is ini|iossible. The iui|iort.iut, ami m\ slerious, ]ioinl about the 
uncertainly principle is that it Is not the tesull ol imported measurement; there 
is simply nothing more to know, flic urn erlainly lies in Ihe system itself, not |ust 
in the measuring of it. 

In 1935, Schriidingor imagined an experiment that aimed Lo show what the 
Copenhagen interpretation meant t;i on r conception o: r. dl it v. The experiment 
v. i i.kl he • i 'ii .1 in :i d in .i -mall . h.imbct. si a.' 1 .! -" lli.it it '..is nn p. .ssihh ■ ii : 
see inside. A piece of radioactive material (too small to be harmful) would be 

Schrodinger radier cruelb/ imagined placing a cat, which would be left there for 
sufficient time for the radioactive sample to lia\e a 550/ =50 chance of emitting a 
radioactive particle. What would happen? The obvious answer is that the cat 
would either live or die, depending on whether or not Ihe radioactive sample 
had dei.ued. but ,n i .inline, lo the <. oponli.igcu interpretation, until the < lumber 
is Opened and the outcome observed, the cat would be both dead and alive, or, 
rather, in whaL .piantum phvsiiisls .all a 'sn pi ■rposilion' el both stales. 

This startling com lusiou is the result of the whole process being initiated by a 
quantum effect, the release of a particle, say an electron, by Ihe radioactive 
material. According to Ihe Copenhagen inlerprelafioti, while Ihe box remains 
sealed. Ihe 'real' state of the si stem is a superposition of its live possible stales, 
mathematically described asm?, the statistical wave function. At the moment the 
box is opened, this -upoi position collapses into nr.'' position. And onl} r then 
would the cat be out of Ihe bag. "The transition from the "possible" to Ihe 
"actual" takes place during the act of observation', wrote Heisenberg. 'If we want 
to describe whal happens in [a siibatomic| event, we have to realize that the 
word "haripens" tan apply oub io the obsei\ ation, not to the stale of alf.iirs 
between iwo observations . . . wo may say that the transition from the "possible" 
to the "actual" lakes place as soon as the interaction of the object with the 
measuring devii e, ami therein with Ihe rest of Ihe world.'" 

Einstein could not accept such a conclusion. It undermined Ihe unity of science, 
sim e il implied Ihere were two i|uile separate domains. Ili.il of Ihe subaloulk 
realm and that ot the observer. It denied the independent existence of the 



lu.i L( 'rial world ■ LI li' Lihsorior in as no longer .1 passbe onlooker lull .111 a. li \ e 
participant, li consigned at lualily In .1 matter nl probability iho dice game that 
Einstein so famously said thai (ind ivmil.l m>i pl.ii ("Slop lulling God what to 
do", Bohr is said to have retorted '"). Uliimalclv, it threatened to lurn physics 
in It) a sel of theories about observation rather Ih.in iilxuil [he veal nature of the 
universe. 'Does the moon only exist ivhcn yon look at il' 1 lie asked his colleague 
and biographer Abraham Pais. 1 " There must, lie argued, be more to it, some 

published a paper in lire American journal ! 'I ::/■'■ ■.:! Kceicr in ] l B5 en tilled '('an 
1] u .1 11 1 11 ir, m 1 -l h .inn al .;i 'Si i ipL, n "I Hivsn al n .ilr.v he nii'.kt'n d . 0111 p] etc 1 
The paper contained a 'paradox 1 , called the EPR paradox after the initials of its 



According lo the law of conservation of mnmentnm (a classical law of physics 
thai had survived even i| 11 ,111 turn mechanics), tin' momentum of one particle 




predictable. This would imply llial the other pavliele's speed or position will 
thenceforward be pvedic table. However, since the Copenhagen inlerprelalion 
insists dral die observation of .1 suhatnmk parti, le's speed or position in some 
wav effects u'hal mil be known iihnnL if it inn si eilliev he a v;',Lied tlial nolhlng is 
known about the other, unobserved pavliele's position or speed, or that the 
observation of one particle can have scone effect on the other particle - which 
by now could be on the other side of the universe. In short, Einstein and his 
colleagues had ingeniouslv dis. nvored a .ase where observation could not, 
apparendy, be involved in determining some l.u t about a subatomic particle. 

Here Einstein rested his rase, assuming thai he had demonstrated that there 
must be some hidden variables, some inlrinsi. feature n\ subatomic particles, to 
explain the wav they behaved — for if then: was not, it would mean that 
particles lhat were completely unconnected could magically influence one 
another. 



in 1965, however, the Belfast-bom physicist John Bell at Europe's CERN 
laboratory laid the theoretical foundations for just such a lest, one that would 



pro\e mm' and I u 1 1 ill whether llic I "opmln^'ii interpretation n.is risdil. Tin' 
KI'K paradox assumes 'IncaliO, 1 , tli.it things tli.it arc remote Minn one another, 
thai arc not directly linked, inmioi effort each other. This was a perfectly 
reasonable scientific assumption ti> make. To brliryr otherwise is to believe in 
the possibility of telekinesis, or that the i onfigu ration ol slars billions ol miles 
uwa\ can inliuom e till' i huru, ter oi a newborn baby. Hell's them-eiii showed .1 

way of experimentally determining whether or not this assumption of locality 
matched up to observable results. In 1982 Alain Aspect of the University of Paris 
performed the experiment lor real and showed lh.it it did not, that subatomic 
particles somehow managed lo 1 omnia nk ate in the wav the EPR paradox had 
assumed to be paradoxical. 

It is a mistake to think ili.il h nWeni was ,1 'naive' realist, an innocent believer in 
tin., independent exist. n. e "I a m.ilerial reality, hi a I ■ - L L ■ ■ j" to Visiount Samuel, he 
argued that reality is a feature of the theory used to understand tire world, 
rather than a feature of the world itself. He held this belief for the very good 
reason (for a scientist) that 'one is in danger of being misled by the illusion that 
the "real" of our daily experience "exists really", and that certain concepts of 
physics .ire "mere ideas" separated from the "real" by an unbridgeable gull' - ls 
His objection to quantum mei h.niics was not ils iinplic.ilions for materiality, but 
the idea that the plivsk al wor ld should be regarded as a wa\e lull, lion, a sol ol 
possibilities, that are collapsed into an actuality bv oh si 'nation. II implied lh.it 
the world was created simply by our perception oi it — indeed, it threatened to 
force science back into the speculative realm ol philosophy, specifically of the 
sort of philosophical idealism pithily L'xpr.'ssed iii a lamous limerick bv the 
theologian Konald Knox: 

There orir.e was ;i m:m who ssiicl '(iocl Musi think il exceedingly 
odd 

If he finds that this tree 
Continues to be 

when Ihciv's no our about in the Quad.' 1 '-' 

...to whiih ■ ame tile anonymously pi'ii nod reply: 

Dear Sir, Your astonishment's odd: 
/am always about in the Quad. 
And that's why the tree 
Will continue to be, 

Siiier.; observed bv Yours lint] dully, God. 1 -" 

''\ hat. v. r h insa ia's iims : '_i\ ir. : ' s_ Lin - reality . n .al"d bv I ho classical science of the 
Newtonian era, whnh hinsli.'jn had himself sustained as well as supplanted 



with his theory of relativity, had gone (orover, al least when it came, to 
explaining Lilt' suliiitoniii phenomena tli.il must underlie .ill e\ents ill tin' stale 
of the molecule and above. Quantum rot 'than its, its confirmation in Boll's 
theorem and in the experiments of Alain Aspect and others, its practical 
application to I lie 'real' world, its Mitt ess in t realing a LheiireLit.il foundation fur 
the entire edii'iie til information tct lliltilogy — all uf Lllese tilings swept Llle 

classical era and all it represented aside. It threatened, in other words, a 
'paradigm shift', the moment described by Thomas Kulm when the old ideas 

hoi III" Li llle hi 'll"lt',. I a It'." st a." 111". Il.l I'. K s .llltl v[ lie II 1 11 111 111 1't ll ,1 II It - ll.lVe hi 'en 

forced to co-exist, because neither is any good al explaining the other. 
Nevertheless, philosopher- .mil theore 1 .!' .il phv-i. i-u have -truggled mightilv to 
come up with a new paradigm . a more acceptable mterpretation of the 

alerted the shamans and soothsayers to the dawning of new eras and the 



One outcome ol qn.inlum met jianit - ha- been .1 growl h in enthusiasm among 

questions about the nature of reality that had previously been pondered by 
philosophers. The Copenhagen interpretation is regarded h) many of these 
scientists as a stopgap measure, an un-.ili-fai lory, im omplele, fundamentally 
agnostic view. There are, however, those who seek te retain il tin llie grounds 
thill, t ra/A though il mat he, it ivorks. 

John Wheeler, director of the Center for Theoretical Physics at Texas University, 
believes the Copenhagen interpretation to be 'unshakable, unehallengahle, 
undefeatable - it's battle tested' 21 , and thinks it is our assumptions about 
reality, rather than the theory, lhat must change. Al a ronierence convened lo 
celebrate the centenary o( Kinsiein's birth, he tried lo show how we could he 
expected (litorallv) I" i'til"it.un -il h .111 idea bv ailing ,1 game of twenl}' 
questions. He was asked to leave llie room tvhile hi- lirends thought up the 
word he was to idenlilv asking hi- ill ve-/ no t|ui'-iioti-. His suspicion grew that 
something was up when he was kepi "ailing out -it In I or lunger lli.in usual. 

Nevertheless, on being readmitted, he -el about trying In discover the word by 
the usual means: 'Is il animaP' No.' 'Is if mineral 11 Yes.' And sti on. As the game 
progressed, the inqui-ilnr- (mind il harder and harder lo answer his questions. 



finally, lie made a guess: 'Is it "i Ion J"?' Yes' came L lit' reply and everyone hurst 
out laughing. 



His friends' little conceit was that the;- did not select a word at all, but simply 
gave whatever answer to the .|ncstions the; liked. The only t ondition was that 
every answer had to be consistent with the previous answers. The moral of 
Wheeler's story was that, like the naive classical physicists, he had imagined 
(here lo he a 'real' answer when in la, t on I; the answers were 'real'. Reality had 
emerged through investigation. 

The sort of interpretation promoted h; Wheeler has often heen died by non- 
scientists in support of the view that reality is no longer the fixed, independent 

Lanier's oft-quoted assertion that it is not the idea of artifii ial reality thai is 
strange, but realilv ilsoll. It also add~ weie.hl to tin- postmodern belief in 
pluralism, its distaste loi 111. 1 assumplau": thai then' •air be one way of looking 

lor dogged realists, however. Wheeler's ■ h 1 ,ime was hardlv snllicient. A much 
more acceptable, though perhaps even more bizarre, theory for them is the 
'many worlds interpretation' formulated by Hugh Everett at Princeton in the 
1950s. Everett addressed the assumption of Schrodinger's Cat experiment, that 
the act of observation settled the cat's fate. Would a passing dog that managed 
to open the chamber's door collapse the wave f urn lion, or would it 
inadvertently become caught up in it until its owner came along' Why assume 
that a human collapses the ivave In in lion - could not the experimenter hecome 
trapped in the rat's state oi suspended .1. tu.ilii\, absorbed into the system until 

another orison or (perhaps .in animal rie.li is in ti\ isl eini erned ai the cat's iaie) 



melaphvsieal unnir, , ondeusini; the world into i 
of perceiving it? 



there was a call for Occam's ra«>r lo be wielded by Sweeney Todd, this would 
seem lo be the occasion. I he m.i:iv '.• nt kls 11 1 !■ rpieLition i- the most extravagant 
of any theory known in its muliiplii aiion of entities — every subatomic event 
implies at least one new universe (or a change in one or some of an infinite 



number ii( parallel uui\ eisosj. Nei eiiheless, h'\erett argued thai iL made much 
more sense ol the subatomic realm than the Copenhagen interpretation. II you 
fan swallow the promise, then everything else seems to I. ill into pl.it <■_ Willi the 
HPR 'paradox', lor rvtimplc, the measuiemenl of .1 partimkir attribute of one 
partkle docs mil magically disturb its distant pair, Instead, the decision lo 
measure one attribute is a decision In live in one parlii ular universe rallier than 
i IS com piemen Wry one. All possible stales of a ipiaiilum s\stem really exist, only 



many worlds inlorprolalion, this JemonsliaLes lhat the theory is no beller at 
predu I in; 1 llv on I' 1 am ■ "I -ui ba h 1 111 1. 1 v per 1111 1 r.h- 111. 111 I In ■ ' opi nh.i;'.''ti ijt.Ii ■:- 
picLiLon. Indeed, -oni' ■ phvsi. i-ils even oh|ci t t: ■ Ike uh-.i ::i.il I here air dillon.nl 
'inlerprelations 1 : 'There is only one way in which you can understand quantum 

nobody has found anything else which is consistent yet, so when Ipeople] refer 
lo the Copenhagen interpretation ol the mechanics what |llie\ [ really mean is 
ipjantum ill" lianics.'- 1 1 Wh\ hoi her with all lliese other universes when there is 
a perfectly satisfai lory, talk operational Iramework in place' 

For David Deutsch, a theoretical physicist and champion of Everett's theory, the 

looking al the sanu' fads which is formally identical to the Copenhagen 
interpretation. It im|ilies lliat the uniicrse is luiulameritnll \ different. In the 
'conventional', Copenhagen view, there is no actual universe beyond lis 
observation; in Deutsche view, there is an objective reality which is divided up 



1 tin. lion . ollapses happens at no pti\ t>e 1110 me tit. Kn h.i- si mirth tug !.• do wilh 
the lime the svslem In consideration |sav. the • al in the . hamber) is consciously 
perceived by the observer. For Deiitsch, this transition moment is si^nifiuinl, 
because that is where the interpretations db ide. According lo the conventional 
inU'ipi' ■U1I1011. se 1111 lh in", happen- ^i t lh.it moment — I he observer • olkip-ii s the 
wave function, the eat dies/survives, and the world is changed forever. In 
Deutsch's view, the outcome ol Ihe experiment occurs at the point when the 
radioactive sample (lo lontinue wilh the cat e\ample) exercises its 51) per unit 
chance of emitting a particle - this being an evenl that happens ijuite 
independently ot anyone observing il. At thai moment, the two possible 



wrsions ol llu' experiment exist in Iwo parallel so 
observed In the experimenter u hen I he i linmbor is unsealed depends .mi u hii h 
.if these parallel universes hi 1 or she happens to bo in. 

To tost this out, UoiiIm li imagined I > 1 1 i I . I i 1 1 jr, ,i '.[ii.iniuin memory', a device that 
would ho capable o( observing ,md nxording Ihc oukomi' of a quantum 
experiment as a sol of quantum slates. Sin. o humans do not (or are not known) 



hvoivlt iiViorprel.ilion. die ,kI of ohson alien -Jlould haw no speiial influeilie 
over the experiments outcome. These two near l ^ 5 ■- ■ ct L 3 1 .il i opies should then be 
d''tr. lahlc hi\ ,iu so. like lh.' I wi ■ co pics i :l the cxpcianoiit ohscivcd. they will 

dlSpLlV I ho lllli 'lU'l l'll. .' |\lUol 11- dl L-LI1'.'. I I' Nil III' 1 .Nil llll.ipsod U,l\ I ll HCtlOtlS. || 

Everett's inlorprelalion is wrong, (here will be no sin h inlerferonie, because the 
memory will not have split into copies but, unite Ihe opposite, resolved all the 
possible . in li iimi'v into miimi unit result. 

Deutseh's experiment ilopends, of course, on the development of a quantum 
mom.'iv. .'. quantum computer. I- it. thru possible to h.iikl such a ma.hine' 
There is certainly growing interest in the relevant technology. In 1990, at the 

a SQUID to observe an uncollapsed wave I million.- 1 Clark romparod Ihis foal 
with Perseus stealing a jjlanre al the gorjjon Medusa without being turned to 
stone. In Ihis ease, he saw clei Irons in a SQUID flow in both directions at once — 
in a superposition of two stales, ("lark i laimed thai slu h devices could form Ihe 
basis of a Hon sort of Id IiiloIoi',\, a lei huologi lh.it t on hi exploit tile subatomic 

could form Ihe basis of a quantum computer in Ihe twenty-first century, a 
maihitie capable nol onlv ol .illoinie, an '.'inn mi-, pi'ek into parallel universes, 
bul of navigating such universes with the aim of discovering which would he 
the best In live in — .1 machine wilh oven, perh.ips, a switch on its front pane] 
marked 'on/ off/ both'. 

Like the philosophical idealism that seems to be echoed in the Copenhagen 
interpretation, the many worlds view is itself an echo of what in philosophy is 
known as 'modal realism'. Like the mam worlds view, modal realism is a theory 
ju si a Ml lie- loo in h lor sumo ph;losoph ii .il palnles: 'when modal realism lolls 
you — as il does - thai there are uncountable i il fin i lies of donkeys and prolmls 
and puddles and stars, and of planets ion like Karth, and of cities very like 



Melbourne, and of people very like yourself,' wrote Lho philosopher David 
Lewis, 'small wonder you arc reluctant to believe it. And if entry into the 
philosophers' paradise ri'tj Hires ilia I you believe ji, small wonder if you find the 
price too high."'' Ne\ orthelcss, niulliem.itii ians, in their 'paradise' of numbers, 
u<<epl Ihi' i'\isteiue of other universes as an ubstrui t lorollury of set theory, so 

to Fermat's conjecture, or seraphim'.- 7 The reason for making the claim is that it 
is supposed to overcome the perennial philosophical problem of explaining the 
staLus of possible 1ml noL uiLual enLities, such as. in Herirand Russell's famous 
example, the present King ol fiance. Their a kin} 1 oi Prance alive in the 
twentieth century, in fad ,m uncounlahli- number "i them (perhaps some ol 

theorist Thomas Pavel cites a passage from Charles Pickens's The Pickwit'k 
Papers.: 'That punctual servant of all wink, the sun, had just risen and begun to 
strike a light on the morning of the Thirteenth of May, one thousand eight 
hundred and twenly-se\ en, when Mr Samuel Pickwii k burst like another sun 

world beneath. Goswell Street was at his feel, (ioswoll Street extended on his 
left; and till' opposite side of (ioswell Street was over tlie way.' The reader of 
this passage', commented Pavel, 'experiences two contradictory intuitions: On 
the one hand he knows well thai unlike Ihe sun, whose actual existence is 
beyond doubt, Mr Pickwick and most of Ihe human beings and states of affairs 
described in the novel do not and never did exist outside its pages. On the other 
hand, once Mr Pickwick's fictionality is acknowledged, happenings inside the 
novel are vividly felt as possessing some sort of reality of their own'. 28 When the 
book ends, one cannot believe that the characters, nor the world they occupied, 
end with it. Fictional realms si ■em to hi' greater than the hooks that create them. 

So what sort of reality do they have? Could they exist in some sort of possible 
world, in the modal realist's paradise? According to Brian McHale, a lecturer in 
'poetics' at Tel Aviv University (a very postmodern post), this is precisely the 
sort of question that postmodernist fiction addresses. Modernist fiction was 
concerned, he argued, with questions ol episiemologv — ways of knowing and 
issues of truth — whereas postmodernist fiction is concerned with ontology — 
ways ol being and issues ol rculil\. This 'ontologii al' porspoi Liw is an 
interpretation; not just a way of writing fiction, hut a way of looking at all 



fiction. One need only think hack In Carlos [-'unites (ciLod by MeHalc as an 
example n! ,i postmodernist author) ,nul the 're.iliK made mil ol words ami 
paper' in Cervantes' Pern Quixote. 

Such perspectives fit very neatly with the man) 1 worlds interrelation, 
suggesting the same plurality ol worlds, the same startling promotion of 
possibility to actuality. There are obviously differences in what a theoretical 

a unique and fixed set of lognnl possibilities, and there can he, he insists, no 
travel between them: Mien - can in - no 1 1 .1! sp.i, i sh itV. I '.i\ el's I ictional worlds 
are 'flexible', impic. isi-lv mapped and, ol ionise, il is verv easy to travel 
between them - one simply has to read a few books. Despite these differences, 
the way they echo eaih other seems to be strong evidence of a paradigmatic- 
link, that science is reflecting, or initiating, or even validating, a particular 

pel s pi . ll Yr en [111 ■ ll.ltll p- ol rvalilv. 

Some physicists still believe that there is a single, external universe, one 
independent of our perception. Indeed, according to David Bohm, that is what 
every physicist real I v belie, es.-' liohm, ,i victim ol M, Carthvism who escaped to 

working out probabilities but a real field, like a magnetic field, shaped by a 
'quantum potential 1 . 

The most distinctive feature of Rolim's tlin>r\ is his notion of an 'implicate' or 

'enfolded' Order, which lie invokes to explain the way distant parlicles can 

examples. It is, lie explains, like the pattern on a pioi c of paper drawn when the 
p.;p> t is I "id: v.. .i.i'.; veil. i ii i.Ii-.i ppi ai s i, , ;: ii in ,[ 1 1 1 . ■ n r. 1 pdlli ins when tin- p. i pi ■; 
is spread out. It is lo be seen 111 a lelevision [--lo.idcast. when ■ the visual image is 
broken up into lines transmitted one at a time, which results in parts of the 
image which are near to each other when they are displayed being split apart — 
unfolded - for transmission and brought together again, 'enfolded 1 , for 
reception. It is to he seer in a drop of culinary dye put into dough which is 
subsequently kneaded, (en)lohled tinil drawn out over and over again, pulling 
the colour into a thin, (angled trail weav ing through the marbled bread. It is in 
[he enfolding, unfolding relationship between .in animal and lis gene. It is in the 
Seed that grows into a plant that creates more seeds — and in the way Ihe plant 



unlolds nol just according Lo the gonclic information in ils seed, hul according 
Id tho environment it is growing in. 

Bohm's favourite example of implicate order is the hologram, the photographic 
process for storing and \ ieiving iliicc-dimensional images on a two-dimensional 
plate, and which is familiar lo must of us in the form of no\oltv badges showing 
a winking eye and security marks on credit cards. Holograms have one 



an unfolded Men oi an enfolded order. 



mechanistic- order assumes that tire universe is like a machine, which can be 
divided into entities thai are, as Bohm put it, outside of ea h other, in the sense 
that drey exist innVpi-nJi'titlv in different regions of space (and time] and 
interact through forces that do not bring about any changes in their essential 
natures'. 30 The median is fir \ iew has a fetish for measurement, for tearing the 

Quantum physics, argues Hohm, totally destroys it, and 1 ho strangeness of the 
Copenhagen interpretation is a result oi si ieuce's desperation to retain il. Bohm 
contrasts the mechanistic view with that of Ihe East. 'In Ihe prevailing 
philosophy in the Orient, Ihe immeasurable (i.e. that which cannot he named, 
described, or understood through any form of reason) is regarded as the 

thai is said to be pu-h.tm 1 , Ihe moi hanislie world view oil Us pedestal. Like 
I 'l'IiIslIi. whose Iheurv If:" idea oi an. impliial.' nidi'; i- actually lIi -sie.jii -J lo 
oppose, he seems lo be pari of the same continental drill of ideas, his holistic 
thrust, his interest in hidden older, his sympathy with Oriental philosophy 
ri s: ■ r : .i 1 1 n e. ilh ::n niH i .e. e n.il.i -r.- i :l pi 's;:ii"dem ism. I :i. same themes re, ur 
Ihroughonl the 'new physics' and the inlelleetual n 
evidence of a changing world view. 



In 1975, the one-time research physiusi iniijof Capra published The Ttio of 
Pia/sics in which he denounced mechanistic sl ientific values, arguing that they 



had not only become si ienLifkully unsustainable liut were threatening global 
catastrophe. He argued lhat ipanium physiis demonstrated the weakness of 
Western material ism, ihe danger ol icon determinism shackled by the causal 
chain. Physicists, he felt hail confirmed — almost despilo themselves — the 
validity of the 'Tao 1 , the Raster n 'way' llial offered a 'new vision of reality . . . 
based on awareness of ihe essential iulenolalediiess and interdependence of all 
phenomena - ph\sk biologii psw hologknl. sei i.il and villi 11 r.il 1 . - : 



properly fulfilled Popper's iulsiliuhiliLy condition. Invoking through its name 
Ihe Creek idea ol Molhei h;rih, ilc- hvp"lhesis nrgu.d :hal the earth, its lands 
and seas as well as Us ["■Lints ,ind animals, v- .1 living otganism. The idea was 
explained to me by Lovelock with reference to the swimming pool at his 

of Devonian paradise.*' The pool's water was putrid, not the clean blue hue of 
chlorinated water but the pea green ol si.ignani slimi'. Nevertheless, Lovelock 
claimed that it was clean enough to drink; he even had a certificate from the 
waler aulhorily In prove it, apparently meaning this to be a comment on the 
hygiene of the water rallier I ban Ihe waler aulhorily. 'Any human parasites lhat 
got into there would be gobbled up in si'ionds,' he pointed oul as we watched 
strange aquatic liiefnrms slit Ih. 1 lelid on/.... fee.' people could have given Ihe 
h lima n nun h ■ il ,1 . hance either. 

Lovelock's claim was based on examining natural systems using what he called 
Ihe 'top-down' view associated with engineering, as distinct from the 'bottom- 
up' approach adopted by most physicists. According lo the bollom-up 
approach, things need lo be taken apart in order to be understood. The top- 
swimming pools, this translates mil' a sti k I regime ol neglei I, enabling a benign 
state of equilibrium to assert itself naturally. Chi or in a lion and filtration would 
produce ,1 stale nf fragile slahililv rallier -.ban natural balance, demanding 

According to Ihe Caia hypothesis, the world is like Lovelock's swimming pool, 
governed by self-regvtlating leeilb.u el lei Is. for ex.uupli', he observes hmv Ihe 
earth's atmospheric temperature has, Ihroughoul ils history, remained steady 
despite Ihe amounl of energy from the ™n increasing h\ ,1 third. He also thinks 
thai llle 'greenhouse effot I' ]iroiluied In induslrial gases lrap|>ing heal in Ihe 
atmosphere will probably be trivial in Caian terms, but thai Ihe self -regulating 



mechanisms thai will return Ihe temperature to its historiial ii\ eraj',0 ,ouhl 
ii 1.1 ki' (lie em ironmenl inhospitable to human life (in o I h or words, humanity 
will not destroy the world, the world will destroy humanity). 

Such ideas of sol I -refill, it ion ,uul ol|u il il ilium ,110 I hoi use k cs rum .1 . eritr.il 1 1,1 it 

h.i\ iug Lilt' same 'L<i [ > down' Irajei tur\ . All ,111' purl of u h.it is supposed lo he ,1 
more ecological political mood, Ihe 'c tn in jr.' r anti-me. ballistic 199(13, the same 
grout new paradigm, influenced l>\ llio sumo infelleelii.il dim, lie ill, if produced 



of showing how changes ill one field influence changes in 



few decades} the same lime.' VVhal links quanlum reality to postmodernism:' In 
some eases il is obvious. ,is illustrated h\ the number of 1101 els published :n the 
late I'.'SOs lh.it e\pli, itly 1 red it the 'new science' as an influence. Ian Ml Kuan's 
The Child in Time had a lhooiolic.il physicist as a character who declaimed 
Bohm's implicate order. In the first chapter of First Light, entitled "The 
uncertainly principle', Peter Ackroyd n rote: 'everything began moving away, 
K oil 1 in;; but in .i\ es now, their In mm s Ira. kin;; the path of objects which do not 
exist." 1 Willi. 1111 bonis .' : ■ ■ . ■ . - / .■ w.is peppered with illusions lo Ji.ios 

and loinputation. 

Outside literature, the link between st ieni e and 1 nllnral [>h( 



v kind ol analysis hi which ir 



ill, 1:1 • 1 nsei ved. I 'ilie.lit.n; 1 . in Liu- irAiKisi^l 1 0111 p. 1 ■s.l\ lli.it lesult^ Hum Ibis 
"scientific" process, both discourses invert lr.ulition.il priorities: chaos is deemed 

deny.' 1 '' Hayles's exp] a nation as to why there should be similarities between 
these two 'disburses' is vague. There is unlikely lo In' a direct link —scientists 
tend not to peruse journals of lilor,ir\ theory. Rather, Havles argues that 
similarities arise 'bcause of hroadlv based movements within the culture, 
which made the deep assumptions underlying Ihe new paradigms thinkable. 



poih.ips mil i table, 1 1 ion "h Is. Thei illustrate I low leodb.K k It ni(i'. anion;; llioiiri, 
technology ,iihI i LilLun- J('\cl()|i ,uul c\|i.iiul in Id [ -(implex . omni linns between 
literature and science whii li .ire mediated ilnnu^h ihe whole cultural matrix. , "' 
Her allusion to 'f ee dhaek limps', very much a con.epl from lhe paradigm shy is 
describing, is instructive. The difficulty is knowing whether these feedback 

loops ie\ c.l] ^ i ; ^ r i i I L i . 1 1 1 [ diilerou. os or luerob amplify iusij. nil i( ant (inc.. 




seriously un.ii ■inline.] ^. i. in r's laith ill .in o\[er n.i I, ni.ili-iial reality. 



sense', wrote Paul Davies and John Gribbin. 'Whereas in the Newtonian picture 

wonderland of the new phvsics it wins I li.it only advanced mat hematics can 
help us to make sense of nature." 7 1 would 

question that 'common sense' was ever a part of the Newtonian picture of realit;' 

that the mechanistic world view confirmed common sense when he showed that 
objects of different weight fall Id earth at the same speed — he was impressing 
his pnhlic in the power o( science by demonstrating precisely the opposite. 
Nevertheless, there has been a very real, or at least a 'performa lively 
prodm-lke'. .is l.yol.ird might pill it. sliill in the Inundations ol knowledge — 
and it is clear in wlin h dire. lion. I-Vulily has left I he physical world and moved 
into the virtual one. 
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DISCOVERY 



'We are on the brink 1 , wrote Harvey Rherngold in his book on v irtual reality, 'of 
having the power of treating any experience wo desire.' 1 This expresses the 
position iif whal one might call the naive virtual realist. For people like 
Rheingold, the mm peter is ,i reilil v ni,H iiinc without Mini I, > .ipable el .reeling 
any world we desire to live in. This brink: how i lose is il? When e ill we have 
this power, and how will we acquire it? 

Early models of the head-mounted display were awkward and heavy, 
uilronifortahle to wear for more than a few minutes. The Iraeking of the 
wearer's movements was crude, the resolution and colour of the screens poor, 
and the rate at which pictures were displayed slow and out of step with the 
wearer's movements. However, one can safely predict that many of these 
limitations will be overcome sis the technology develops. AU the major 

of Walkman headphones and spectacles, perhaps connected to a Walkman-sized 
pi.ikihiv computer. 

ihio mil rei n imagine, .is I I. maid I\li''in;',nk1 did su enthusiastically in an 
article in Mimdo 2000 and subsequendy in his book, tire development of 
'teledildonics'. The term 'dildonics' was coined by Ted Nelson to describe a 
machrne that converted sound into tactile sensations. The 'tele' was added later 
to denote the communication of such sensations over a distance. 'Picture 
unirsell in a n'uple |>>l'| deiades heme. gelling dressed for a Iml night in the 
\ irlu.il \ i I l,ii',e', sj.vi n I, lied Klioiugokl. 'Hi'kire \ on i liuili inle a suilalik padded 
i hauiber and put en lour head-inounled displa\, \ou slip into a light weigh I - 




material liom -.;lin to -kin. You Ihn n pile', i: ink' thi- phoni- r.'.'lw.'ik. i enr.i ■• tun 1 , 
to someone else wearing ,i similar si ii. king, and then gel on with the business of 
erotic interfacing. 



Ihe tolcdildoni, scenario was ohvioush an AlITS- 
mc of writing this book, the technology of the sensory 



Ne\ ei llieloss, .ill ol Uiese filings arc in prim i|>li' possible. Bui what of the 
information Ihev Hill doliior' VVhal ot tin' vidua] reality generated In till' 
computer that is experienced through these new, intimate in ti'rfaiTS? How 
realistic wOl it be? 

In the oarlv wars ol virtual realllv, Ihe best simulations wore produced using 
'graphics workstalions 1 , desktop systems specif icallv designed to generate 

geometric shapes, and could only update Ihe picture seen l li rough the head- 
mounted display a feiv times per second, producing a leg between the wearer's 

ill-: 'Yemeni's ar.d tile . ■: 'I 1 1 sp. '11 J M'.g ' ha lie.:"- .11 die Mil. Ig' ■. I 'll : I li 'lea 1 1st I. images 
- lire goal of nresl computer graphics l!l'\ elopers - Lan be produced, eion 
using person. il mm filters, but Ihe generation of ,1 single image ean lake hours, 

The problem is related lo Ihe anion nl of processing dial is required to simulate a 
three diuieusional spam anil the objei Is it mulaius. The spam ilself, and the 
ohjcL Ls n i I l in il, are rreated onlv onee, as a series ot luaflicmula a] descriptions 
Or 'models'. These objeets are then 'rendered' into a visible image by calailaling 
how they ivill appear to Ihe user from the eurrenl point of view (lakinj', inlo 
account lighl sou roes, file pes i I ion of objei Is nl f roil I of and behind tile nhjet f 
concerned, shadows and so on). II is lllis rendering process of turning the 
inalh' , 'll.;lk al lIi-si II pt i; ill .ill:: a YLrvahlo (and, a- ".in lei line. ";',\ develops 
towards Sutherland's ultimate display, a tactile, audible, even smellable) scene, 
lhal is usually done in 'real lime', as each image is required. Suppose, for 
e\ample, that you wanted to experience standing a! the lout of Mount Everest. 

Tils' Computer would held .: pie-del I lied model . i| the 111: : I. II la I II des, rihm;'. lis 
goomolrv. As \ou looked up, the l ompulor would use I lie in (urination from (lie 
model and from the (racking device attached lo lour head-mounted display to 
generate Ihe piclure of Everest as il would be seen from Your position, the si/.e 
and porspci li \ e of the mountain side being determined hi \ our d is lam e from 



Such a task requires an mnmious amount of computing power. A high- 
resolution computer-genera led I.iulIs. \ip.' scene is made up of millions of basic 
geometrical shapes ("polvgons"), ihe exact shape of eai h having lo bo adjusted 
as the point of viciv changes. No! even Ihe must powerful supercomputers are 
capahle of performing the I in k plioto real islh .ill \ in real time. The question is: 
will tlley lie nhle to do so in the inline' In a project entitled 'Mian 200(1'. 
engineers ill Intel, the oompnuv that developed the lirst microprocessor, 

available, computers would be capable of creating relatively rich imagery in real 
time. But would thev be photorealistic? 

I he i i :m puling in 1.1 llsLi '." s lelish 1 1. : r" povcir ur.d speed has c.islruiled il horn 

its reproduction. A phoiore.ilisiii image is nrie thai looks ,is though whatever it 
depicts is in some sense real — it concerns, in oilier words, Ihe sophistication of 
the computer models, of Ihe descriptions of tile virtual objects and landscapes, 

\ on i pule i- aided design' {(.'Al 1) lools, whk h .li e nseil In designers lo i rente live 
mid Ihrec-dimouskmul engineering models el products. These ,ire fine ler 
prototyping purposes, hut not nun h good at \ mating any experience we desire'. 
Techniques have been developed whkh help produce more 'natural' forms: 
fractal geometry, for example, is effective al simulating the shape of mountains, 
vegetation and clouds; simple objects can be given a complex shape through 

'mapped' on lo a busk ohje. I (sin h us u lie, id lexluiv onto .1 doughnut shape to 
create a tyre); 'genetic' procedures can be used to nurture new forms, with 
shapes being 'grown' from u 'gene' in .1 computi'r-gener.ited environment, where 
nil ilk i.k selection picks out the more nllructi\e or suikilile nui til lions. but using 
even these techniques, creating models of complex \ irlual environments 
remains a formidable lask, one lhat is no! helped by the current practice of 
creating models on a one oi l basis. 

In the late 1980s, companies started selling libraries of simple shapes to users of 
An lot Al >, Ihe ii id ust r i standard personal , 0111 pu ler ( Al l pai kage de\ eloped 
by one of the promoters of virtual reality to, huologv, Autodesk. Designers 



would buy these 'dip ob|eels', as Llley came lo bo known, to adapt and integrate 
into their own designs. One company oven produced a CAD mannequin, a 
simple model of a human form, which i ould be used to 'tost' ergonomic factors 
in the design of furniture and workspaces. 11 (his market were lo develop 
further, investment kinds may become available lor de\ ekipiuy, e\istiii« models 
— perhaps even whole landscapes. The American m list Mall Mullioan has 
already built a 'metaphysical city 1 on a powerful Connection Machine 
supercomputer. Perhaps film producers will one day build such a city to create 
a convenient, controllable selling for urban movies. Perhaps a new profession 
will emerge, thai of hvperrea] cslale ay.eniv, eni>a;>,<-d m tin - trading of models of 

Creating landscapes and tn.in anali ■ ob|.. I-. whi* b an 1 laulv sialic, is one thing. 
Creating creatures is quite another. In 1988, the MIT Media Lab started showing 
its animation short 'Cootie gets scared' at computer graphics festivals to 

computer animation. In the case of 'Cootie', the character was a cockroach 
scared by a spider — it was no Mickey Mouse, but it demonstrated the idea 
impressively enough. The previous year, the American computer graphics 
company Symbolics had shown an ambitious animation entitled 'Breaking the 
id' 1 featuring birds and lish which were claimed lo be i]idb idualb programmed 
Kith the same (locking instincts as sperm. Su, ii experiments have shown lhal 
verv primitive behaviours car. be simulated, lavine, lb. 1 loimdution, developers 
hope, ku llii vl ' I' I' 'iil'.s ol :i:o lo be lepii.dlK i 'd. 

Rheinj>,old is, I feel, optmiistn in Lhinknii' that these ideas and developments 
will come together In deliver us to Ihe brink of ha vim; I he power of crealinp, any 
experience we desire. Computer genera led pk lines will ! erlainh bei ome more 
complex and colourful. They will increasingly dominate our visual culture as 
Ihev become cheaper to produce Lban arlilnial i maizes created usiirg 
i i m 1 \ " o i -i 1 1; i ir . 1 1 ill : : , in--, hkit ".It:- i l 1 1 (i Ilia'., Inr i 'Sain pie. \ n luai real I lv systems will 
i in ill in en lb be i apahlc ol real i/ini>. .i Ik I ion a I work! hid is: ir.i'.u ishaHe riini I'n 
real one seems to skill round some unanswered questions about the nature of 
fiction and the nature of simulation. Is the computer just a new creative 
medium? Are fictional worlds the same as virtual worlds' Ho computers create 
reality, or discover it? 



According to the HhC's authoritative history ol compniinj;, "i'iV Dream Machine, 
the computer is fundanienialh different lo oilier soils ol machines because it is 



so adaptable. 'The computer is not so much a machine as a powerful personal 

accompam'ing bonk.-' All soris ol implications follow from this view of the 
computer. For example, it encourages the view ih.it psychology will reveal the 
computer's capabilities. A lot of the early rosea n h inlo inieilaies Has based on 
studies of i hi kl hehal iour. Children, ary,Lied 111!' Media I .all's Sc\ nioui I 'a perl, 
'give us a Window into the way [he mind realU works, because 1 1 lev' re open . . . 
1 think we understand ourselves best by looking at children 1 .' As the prayer- 

The experiment most often cited as an example of how children could help 
untap creativity was performed by the Swiss psyi holoj'.isl Jean 1'iagel. He asked 
children of about five lo pom the same amount of liquid into two glasses, one 
tall and the other short, and then say if the glasses contained the same amount 
of liquid. Piaget observed that die children would assume that the tall glass 
contained more, and this, he argued, demonstrated how the visual mentality 

as more 'intuitive' than text-bawd ones, because Ihe child-like responses that we 
first apply to solving new problems rely on visual stimuli rather than symbolic 
reasoning. 

A post-infantile pari of me is suspi, ions ol Ibis emphasis on i hild psychology — 
the child, after all, was wrong about the amount of milk in the tall glass. There 

thoir prod in ts used as I lie basis of odm .llioual rosea n h projcL Is. The iiuhistiy 's 
greatest fear is thai siepliial eoiisumers lull lind llieir products Ion iomple\ 
and lacking in any obvious productive purpose. What belter way, then, of 
nuking '.he 11 1 'us" i I lion oh ' Ihan l'\ a^-. n ialing lllein V. i:h ^IVrrl, iililoi rill 
children, and what belter purpose to give them than some indistinct power to 
educate? Paper! told Stewart Brand that kids like computers because 'the;- can 
feel die flexibility of the computer and its power. They can find a rich 
intellectual activity with which to fall in love.' 6 Perhaps, hut kids can find a 
pretty rich intellectual activity with ivhii h to tall in love using woodblocks, too. 
It does not seem to me obvious that children have a some sort of mystical 
.11 il. vvilh lompnlers simplv because a lot ol adults find them intimidating, ll 
is possible Ihe adults are expressing a legitimate fear of technological 
domination that children have not got tin- konceptu.il equipment to identify. 
Masters, as lie know. \er\ often disguise 111 em sell es as ^er\ auts. 

Howard Rlieingold ilaims that the cave paintings at l.isuiuv in France were 
'primitive hut efiei five eyberspai es', berause they were used to create a 'three- 
dimensional sound and light show' that was possibly used to 'imprint 



iiikinti.ilkiii iiu [lie minds nl llie lirsi lei linologisls'."' '( oin |ui leis .ire Ihe.iler', 
wrote Brenda Laurel. 'Interactive in Imology, like drama, provides a platform 
for representing coherent realities. . . . Two thousand years of dramatic theory 
and practice have been deiolod to an end which is rcm.irk.ihly similar to that of 
the fledgling disi iplini' of human i onion lei 1 inleiaclion design; namely, . i eating 
arlifi. iul realities in which I lie potential for ,n [km is Kigiiitwoh, emotionally, 

and aesthetically enhanced.' 8 

our interaction with Iheni, rather than by virtue of what ihey are. Therefore, it is 
psychology, the 'physics el virtual ivalitv'. .1- VViNi.im Kricken called it, that 
determines (vli.it is anil u4i.il is not vntuallv 'real . Most vn lual realists are quite 

about how people think and about how the sensory processes interact with the 
[.■motions'." Indeed, it seems loolhnrdv on available evidence lo thing that 'we' 
are erer likely to know 'how people ihink and about how the sensory processes 
interact with the emotions'. 

James Boswell, in his (anions biography ol Samuel Johnson, relates a discussion 
with Johnson about the idealism of hishep Herholei . h liii li proposed Ihe lien 
existence of the material world. Boswell pointed out that though it may not he 
true, it was impossible to refute. '1 refute it lines', retorted Johnson, kicking a 
large stone. 10 Outside Ihe field of paradigms and postmodernism, I would 
imagine IhaL mosL people would Ihink ol themselves having Dr Johnson's 
robustly uncomplicated attitude to reality. Few think it the slightest bit odd to 
think that the tree continues to be when there's no one about in the quad. 
Baudrillard may assert that the world is just a simulation and that the Gulf War 
Did Not Take Place, but no one seriously believes him. Some have argued that 
he is using sophisticated arguments to avoid 1 on Iron ling very real moral and 
political issues. 11 Quantum reality may be strange, but it simply has no 
relevance to the world most of us ex-pcricm o. I explained to an acquaintance 
that, unobserved, the sofa he was silling on was smeared across the universe in 
a field of unactuali/od possihil ilies. 'Re.ilK ?' he said, looking at it admiringly. 
'Where did you get it from?' 

When 1 first donned ,1 virtual realilv rig, the last thing 1 I hough I of was reality. It 
was uncomfortable and the images I saw before my eyes made little sense. 
Nevertheless, I found it exciting — not intuitively, hut intellectually. The objects 



1 was seeing seemed to have some sort oi independent existence thai the 

shortcomings of the technology .vcre on I . allowing me dimly lo experience. The 
computer generated inu^,", depi. led sonic soil oi Ycilik 1 because they were the 
product of simulation, oi a nnsli.inii.il. algorithm!, procedure. They were 
generated by llle application oi laws based on malheiluilk al prill, iples. ['In. 
crude, primary-coloured wendy houses I explored in virtual reality 
demonstrations u ere llbree-diiiiensLon.il gcomolrk moilels thai Here lorinnlb 
nli'llliial lo pll\'siwil i'.i ll.un.'.s. Whal 111.", looked l:kc lr":ll .1 pailkukli I'anll el 
view was a matter of me. lunik a] > . imputation, not liuniaii imagination, either 
on my part or that of the system's designer. 

At the computer graphics . oiiierem e Jest ribed by Timothy Peary as the most 
important ever held bv hum. in In in. 1 ,-, tin ■ n spi ole.; . . imputer industry analyst 
Esther Dvson counselled [In- audience in:l lo loiocl symbols, it was interesting 

what it represents. bo, .i photograph el ,i rose is i. onn because llie shape of the 
image Suhject bears some necess.ir. relation lo Ihe rose il depicts. An index is a 
sign that bears a causal or se.pienii.il rel.ii ionship to what it represents. So, 
smoke is Ihe index oi fire. A symbol has only an arbitrary relationship with 
what il represents. The word 'rose' hears no necessary or causal relationship 
with a rose. Its meaning, according Lo the structuralists, comes from its 
'strik'tiual' r.'kv.i.'iiship wilh ulher words. 

Dyson was defending the unique power of symbols just as, implicitly, 
Baudelaire did with his attack on the public's ohsession with the 'truth' of 
photography, because symbols are necessary In knowledge. Being arhiLrarv, 

111 tl: '.ill. Ill : II ■: 'I • "II'. ["'II te I 111,1 II I pll kllli'll II '. Ill"l I.| Lli 'S I. , :'h. I.i :'h V be. .1.1 Sc. .;- 

he put il in a television interview, 'we've [ended to think ol the photograph as 
the ultimate representation of reality on a flat surface, and f think that's naive, 
irnnklv. [rhotogmphv| is losing it- vci,icitv. Allei .ill, people have assumed 
drawing and painting never had this anyway. Hut they're going to realize 
photography doesn't either.' 12 

In their analysis of the postmodern rendition, cultural theorists and 
structuralists have tended lo regard the symbol as the dominant form of 
representation. Ever, thing, even [kings tli.it ive mighl no! have thought of even 
us re] 'resell la tioi is, is a '[e\l' .1 I'ilin, .1 [mil. ling. .1 i ib .ni.i, iillimatcb . re.il ill . 



It is true that we are awash with symbolic representations. Even quite 
conventional photographic images 'arc, by virtue of the way the;' ate composed 
and what they really 'mean', only in< idontally ironic. To return to an example 
used earlier, a film of a group of people on a desert island consuming a 
chocolate liar is first and foromosl a simholii rrpreseulniiou uf ifh.ili'MT 
L|u,ilifies ilu' i lion -Lite I Mr nianulai lurer wants to ,isi 1 iln- lei ils puilui 1 llie 

iconic qualities that .ome from ii being n film showing 'real' people on a 'real' 



that it performs jusl one fuiu tion; if computes. All if can Jo is perform a series of 
algorithmic, median k .il "peralimis. Tin- dvnamks of a simulation, and the 
interaction fhal arise- oa I i :l diem, m i ■ Ihc pi i :■ ■_ 1 li ■ : . :l mi ■• hanical operations, not 
human imagination. It is, to this extent, iconic. This is what makes it realistic, 
just as the mechanical photographic process made photographs realistic. The 

television as the 'window on the world' failed to point out that the window is 
small and the world big; there is only so much thai can he shown at any one 
time, which is why there an' television producers and direi tori who select what 
is included and excluded. A ibghl simulation is a s\ niholn artefact, too, to Ihe 
extent that the landscape il simulates, even if il is based on a real landscape, is 
the product of human design. 

The postmodernist paradigm, with ils preoccupation with narratives and texts, 
has tended to treat mathematics as just another symbolic system of 
representation. All real u v. II implies. Is a i onslrui lion ol language — including 
llle reality ro\ ealed by matheilkilii From a si ion I i In perspective, the two are 
fundamentally different: one is the language of humans, the other, to 
paraphrase Galileo, the language of nature. Maths is not simply a form of 
representation, at least not of die physical world, as the work of Hubert, Turing 
and C lodel sought to show. As oh-eni 'd in an earlier • ha pier, Lhe mathematician 
and writer Andrew Hodges emphasized the difference in his dismissal of an 
argument as being 'only words' — unreal and therefore ultimately trivial 
bemuse language (.111 be used to sin an\ tiling. The paradigm shift in science has 
not in any way undermined this faiih in mathematics — if anything, it has 
reinforced it. Quantum mechanii s relies on a mathematical expression, the wave 
in ni lion, as the nlliniale ilesi rip I kin of llle universe. 

Perhaps we should not be surprised that postmodernists and critical theorists 
see reality as residing in language, and scientists see il as revealed by 
mathematics, because tfio.se are their chosen areas of study. What is surprising is 



thai Ihe eomputer industry should have fried in straddle the Iwo, and thai il 
slum] J expo, t k) briny, uboul ii happy union ol (lu- two in \ lrlui.il realib . There is 
il hope underb ing .ill Ihe spci ul.ilions about the fn litre of virtual reality thai il 
will use mathem.iliis to explore the realm of the hum.ni imagination. Thy idea 
of the interactive movie, lo lake jusl one example, is based on the assumption 
thai whatever is plotted in a si ripl is in some important ivay computable; that 
there is il |>liase spaic, lo use m.itheuiiitii ill lernhiiology , of possible plots th.il 
i .111 he modelled us I n i', a i umpuU'1 and explored usim 1 , ,i V Lltii.il I e.llilv 111',. I'll. 1 

matter seamed to be considered dosed ill the compufin;', industry when Marvin 
Minsk v i ami- u p with lire ierm a it ill. lal inU'llie.iinr'. H.i\ im\ .!• • .'pted tin- ha id 
computational is t pnsitinn lh.it .ill ol reality is i oinpu table, i a panic of simulation, 
the virtual realists have then pone on to promole simulation as a way of 



i ompulma inilusliv ilsell. i ompului;' is both a ti'i hnologv and a s.ienie. The 
technologists are con.crned with developing the computer as a practical look 
(he si ientists with 

developing it as a tool of discovery. In his landmark paper on the 'Ultimale 

discovering the limits oi' that ivonderknul, in aiiswciiug I lie ijuestion: 'Whal eau 
be uialheiii.ilii.ilb modelled?' There is no reason ivliy unn-seientists should 
wan I lo explore I his malhcniali. ,e ','.i mi lie i kind, se Ik. ■ l.'i Imoli 'i'.i-ls . llam'cd Ihi' 
a;',eilil,i hv persuasb elc ao'iiing Ill.it Lhev ioul.1 use llle 'ultimale display' as a 

ti'veal tins u on.li'ikind. the ti . hnelo.'.ists have upened up .• hat m.iv prove lo he 

perplexing mystery — why is it, for example, that a naturalislie film uhoul 
domestic life can seem less convincing, less 'real 1 , than a fj.nl.isv about mutating 
lohi'ts' Il is possible [.. imagine Ih.u ,i a.oiul -lor.' ivoiks beanie il is .loser to 
.some ideal, some Iruth, that we dimly peneive through our imagination. 
However, this intuition is not siillu ienl to prove that even if fhis ideal does exist 
lhal il is computable. This is not lo sav the computer's use as an expressive 
medium caunol ultimately help settle Ihe issue. Maybe Ted Nelson's Xanadu 
will reveal important features about the relationship of different literary 



arlelat Is. Maybe a method will one J.iy be developed th.it encodes fjcltfinal 
worlds as databases lhat can thi:n be explored using L I if computer — perhaps 
via a language-based or viniholh iiiterl.iie (\ ielthng intcr.n live novels) or via a 
geometry-based or iconic interlace (\ irlu.il vcililv }. Hut no one has yet produced 
any evidence that Ihis will he the case. Building more intimate interfaces, 
generating more photorealistic graphics, examining more psychological 
experiments is not enough lo settle the mailer one way or the other. They do 




the process of creaLing lIiil! manipu latin g images: :t car. produce convincingly 
professional documents; it cm generate persuasive animations — they may be 
more compelling, more informative, more useful, but none of these things are 
any the more 'real' for being processed by computer, and die rhetoric of reality 

as absurd as ascribing Ihe l\ pewriler with tin 1 poiver to discover the world of 
literature. 

The scientific perspective of Ihe computer as a 'looking glass inlo a 
mathematical universe 1 is, however, different. Here, it Joes have some claim to 
revealing a realily that was previously hidden. In 1990, NASA's two exploration 

their decade-long mission to scan Ihe surface of the outer planets, Jupiter, 
fialurn, Uranus and Neptune. [I was the most successful pro|eti undertaken by 
the agency since die Apollo 11 landed on Ihe moon on 21 July 1969, a happy 
distraction from the bh utile's ill-sLn 1 1 al .1 ph 'viVM'iit anil growing public 
indifference to the idea of deep space travel. In 19N6, NASA reached its nadir 
with the Challenger disaster. Rh hard Fevnmann, member of the enquiry team, 
sternly reminded NASA's management that 'reality must take precedence over 

NASA had been engaged in on,, oi Hi,, great scientific adventures. It had helped 
prove that space, the celestial realm, was part of the same universe, part of the 
same reality, as the earlh. It had helped confirm science's extraordinary 
predictive powers — for prior to the Soviet Union successfully launched 
Sputnik 1, there was no reason oilier than st ieniiiic theory to assume that space 
did noL collapse hevonci Ihe clouds. 

The Voyager probes sent back so much data that NASA's scientists were 
beginning to be overwhelmed by it. They had received glimpses of the outer 
planels, but little more understanding. At Ihe Jel Propulsion Laboratory (JPL) in 



I'asadena, California, however, Llioy started to look .il ways of using the 
iiimputer li> \ isu,ilii-.e' .ill this undigested data. The result was a series nl' 
detailed, realistic anil hoaiuilul images ol I lie planets. What was interesting and 
important about those images was thai Ihov showed what could not have 
otherwise he seen. For example, even though Ihe probes Manned the planets 
from ,i d islam e uu , I user than 2.\IH!0 miles, In i onsolidnling and professing all 

the information gathered, combining \ iews •from different angles and stales, 
the JPL scientists were able to produce animations that simulated what a 
spaceship-mounted camera would show flying Just a mile or so above the 
planets' surface. They even claimed that the computer-generated pictures of 
Jupiter's Great Red Spot were sui'hcionllv detailed to validate a mathematical 
model lhat explained its formation. 14 

NASA was, of course, one of the most important sponsors of virtual reality 
technology, through the research work undertaken by Michael McGreevy, Scott 
Fisher and others at its Human Factors Research Division of the massive Ames 
laboratory in California. The Ames research clearly has relevance to the 
visualizing work at JPL. It is quite possible lo imagine that a virtual reality rig 
could provide a new breed of virtual space explorer willi the interface they need 
to inspect such visualisations —perhaps even to walk the surface of a planet 
sun u la Led h\ us oiislriH I in;', delailed da la sen I b.u k hum deep space by probes 
like the Voyagers. Though such visualization does entail some exercise of the 
scientists' imagination, mainly to fill in gaps in the data and in the use of 'false 
colour' to highlight significant features, and though there may be errors in the 

representing some soil of reality, because Ihey are the algorithmic product of a 
mathematical model; Ihey are generated hv processes lhat are ultimately 
independent of human intervention. 

One of the great technological hopes among experimental scientists of the late 
1980s was the creation of a 'teraflop' computer, a computer capable of 
calculating a mill inn million sums pel se. ond. A I Ihe time ol writing this book, 
Thinking Machines was alreadv claiming thai il had designed, though not 
actually built, such a machine,^ and most other so-called supercomputer 
manufacturers anticipated achieiing equivalent speeds hy the end of the 
decide. Such monslrons mathematical engines would, as "J. 'jj fj'yi'i- Attunrim pul 
it, 'become the eross-disciplmarv equals ol I be suporcondm ting supercollider or 
Ihe scanning tunnelling microsiope portals to new insights and quest ions in 



can cope with — from world climate patterns to the complex chemistry of 
^I'lit-tit e\pr09Sion. 

One of the most int. ti ■s;iny i .imnialions to reach lite computer graphics J i 1 111 
foslival circuil in 1990 was a study of the evolution of a storm, produced by the 
atmospheric scientist Robert B. Wilhelmson at the University of Ulinois's 
National Center for Supercomputing Applications. The storm was depicted as a 




result may not of ilsclf have justified llie effort, but it very clearly demonstrated 
how visualization lerhnkjiii'S.. because Ihev at.' synthetic lalher than analytic, 
can reveal patterns .nut sI:ik Inns ivilhin a moving svslem that could never be 
discovered bv esimmin;' the static data that produced if. 



of the erratic orbit of Uranus. R.Hhcr than in si ponder Umnus's path in isolation, 
researchers calcnlali'd whal lru> palh of such ,1 pi .met a I such a distance from the 
sun would be if another, hypothetical planet was placed at an orbit beyond 
Uranus. They then adjusted the size and distance of this hypothetical planet to 

telescopes and discovered Neptune. The computer is perfectly suited to 
performing such experiments, because it can Bimulate systems such as the solar 
system, and show what would happen when vai lolls parami'li'rs .ire < handed. 




other words, phenomena thai are Ihe result ol human iree will rather than 
causation — science lias 111 many 1 1'spi'. Is hi-en driven to the margins of realitv, 
into the centre of tin' molivule anil out lo thi' odi'.es of the universe. A more 
synthetic approach can afford to be less fussy, because it does not rely on 

patterns. Though the more traditional scientists remain sceptical that such 
patterns are to be found in social or cultural phenomena, the computer 



We lend Hi Ihink of human .irlet.n Is .is exist ini; iiulepondenlk el am reality . 

The value of money, for example, is the result of our choice to treat it as having 
value, it is not intrinsic. 1 loivevor, )i>« could ,ir>;ue ih.il ii c,eis its value from the 
economy, from a system (hut determines its v.ilne according to the principles of 
supply and demand. brinling more money Joes mil automatically enrich the 
milieu, ivhatcicr its inhabitants' atliluJc. The crmomv's ivorth is. rather. .1 
product oi 1 [implex interactions in the global economy, and it IS On this 




tin 'V arc I j ne, to mndci .1 svstem 1 ■! imnn.-nsr complexify, even" bit as complex 
as the climate. They are also using modelling lechnU|ucs that were never 
designed for the era of high powered mm puling, and. which cannot deal with 
the amounts of data and levels of complexity that a supercomputer can handle. 
It therefore seems ipiitc conceivable [lull there may be a 'reality' to economic 
affairs that the computer mn discover, a pattern that will make predictions 
about the future of a country's economic welfare far easier to make, and 
lllerefnre in. ike ,11 [kins in shape thai future in the rii;ht Jim I Kin 11 Lore elf ei tive. 
More ambitiously, one might hope llial Ihe same cm he done for other social 
phenomena, search in;', lor mi relations, lor r.yample. hi.lweon Ihe geographic 
J.-li'ihir.n 'ii 1 'I u ■ i .iI:ji .111 J ■ jinv. 

At the level of public relations, the Tokyo metropolitan government 
commissioned a compiiler 'si m iridium' of [okyo from an advertising agency for 
display in Ihe foyer of its new city hall. The resti lling cili dala map' was ,, 
graphic depiction ol the ■ ilv's 1111 pn s-i \ .■ deni' id plm -il.rlistics, showing how 
the population varied through history (Ihe drop during Ihe war years was a 
chilling illustration of the ferocity of American bombing raids), land 
development, property prices, commuter movements. Part of the reason for 
commissioning the data map was to make up for Tokyo's lack of identity, for the 

aspirations to become the capital of the global village. As such, it was no more 
than expensive PR. Hut It al least pre idod a glimpse of the pallems that exist in 

thai great city's perplexing processes, patterns that ma; ultimately reveal the 

In hlfiV, ihe A 11 ic in an siillware hoes.- Max is published a best selling 1 ompuler 
game called Sim City . The player's rule was that of mayor of a range of possible 
cities, some based on real cities, some purely fu (ional. ['resented with a map of 



tlu' l iLN oi llioir clloiio, and a set (if tools for gin eriiing and developing il 

(changing tax rates, constructing nmls, demolishing buildings), tho mayor's job 
was to keep his or her popularity rating us ■ i i jr. 1 1 .is possible by keeping crime 
low, growth high and so on. The simulator 'engine' at the heart of the game 
worked out the con sequences of [he mayor's choke oi ai lions. If, inr example, 
there was a low density of police stations, crime would rise; if there were too 
few roads, areas zoned for commercial development would remain 

a standard persona] computer, the game itself was not. Il very realistically 
reproduced some of I he patterns of urban development, and demonstrated how 
difficult it can he to control such development without stifling it on the one 
hand or letting it run out of control on the other. There were, of course, 
assumptions built into the model (some ol (hem \ery political, such as the very 
low tolerance of the population to even moderate lav rates), but there are 
assumptions built into anv model, si ientilV or otherwise — it is the business of 
experimentation to see if such assumptions uniform to observation. The result 
was still an intriguing glimpse ol ihc ion vim ing social phenomena that could be 
simulated using a relative!; simple computer model. Could this be evidence 
thai reality is not i on lined to the human free 'nalure' studied by conventional 
science, that then' are mathematical laws lliaL determine aspects of social and 
cultural life as well' 

It is said that Queen Elizabeth of the UK thinks the world smells of wet paint, 
because wherever she goes, a team of decorators will be round the comer 
puttin S a fresh coat on any wall she is likely to pass. I imagined as a child that 

applying new painl. hat, u nil it tho dir.' uon el i bu ikkng the world itself, a 
I .i.si ■ ieal]l\ ol se;^ a:ic props. .-Uoiinc anv • i :jner I a opn mi :n-d I imaj'.mi d Ihem 
to be hurried! v consliuctine. the s, rnorv | w ould souii b.'hold, while behind me, 
they were busily dismantling what I had just seen. 1 imagined that cine day I 
would take an unexpected turn, and catch them out. 

But I never have. Instead, 1 have discovered that il is humans, not God, who are 
behind this illusion. We are in the midst oi artificial reality, surrounded by the 
constructions of commerce and culture, fiui is that ii? Is there only artificial 
reality, or is natural rcalily siill I here, holding up the Hats and drapes of human 

For virtual realists and postmodernists, that, indeed, is il. There is no reality. 
The gloomy postmodernists think lhat rationalist values of truth and certainly 
are being destroyed. The upbeat, bullshitting \ irlual realists think ihe\ ian 
make something better, lhat d reams ian Iruiv be turned into reality. Either Way, 



there is mi lorujer .in \ vmmIiI in dependent (if our experieiu e ill if. V\V 1,111 ni.ikr iL 

up us we go along. 

But is reality really dead? Are we obliged to leave it to the virtual realists to 
create another for 1.1s. Musi « e sink into postmodern .hi i ism? One of the aims of 
this book has been to show that reality is still there, though not in the material 
realm of the physical universe where the modern era assumed it to be. In my 

artificial, I have tried m provide ,i glimpse ol where il v.ility may be, in the 

its simulative powers, provided what ] regard ,is reusMirim', evidence thai il is 
still there. 
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